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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  a  method  of  driving  an  elec- 
trooptical  display  device. 

Although  the  electrooptical  display  devices  to  which 
the  present  invention  is  directed  include  all  display  de- 
vices  which  exhibit  a  capacitive  property,  such  as  a  liq- 
uid  crystal,  an  EL,  and  the  like,  the  following  description 
will  be  of  a  display  device  which  uses  a  liquid  crystal,  by 
way  of  example. 

2.  Description  of  the  Related  Arts 

Figure  2  of  the  accompanying  drawings  is  a  wiring 
diagram  showing  the  relationship  between  matrix  elec- 
trodes  and  a  drive  circuit  of  a  conventional  simple  matrix 
type  liquid  crystal  display  device.  In  this  diagram,  sym- 
bols  X1  to  Xm  denote  segment  electrode  lines;  Y1  to  Yn 
common  electrode  lines;  201  is  a  segment  electrode 
drive  circuit  for  driving  the  segment  electrode  line;  202 
is  a  common  electrode  drive  circuit  for  driving  the  com- 
mon  electrode  line;  203  is  a  control  circuit  for  controlling 
the  segment  electrode  drive  circuit  201  and  the  common 
electrode  drive  circuit  202;  and  204  is  a  drive  power  sup- 
ply  circuit  for  generating  a  power  supply  voltage  for  driv- 
ing  the  segment  electrode  drive  circuit  201  and  the  com- 
mon  electrode  drive  circuit  202  and  generating  a  liquid 
crystal  drive  voltage  to  be  applied  to  the  segment  elec- 
trode  line  and  to  the  common  electrode  line  through  the 
two  drive  circuits  201  and  202. 

A  specific  example  system  of  the  circuit  construc- 
tion  are  shown  in  Fig.  2,  and  Fig  3  shows  only  one  there- 
of,  to  simplify  the  explanation.  Therefore,  although  the 
explanation  will  be  given  in  detail  on  the  basis  of  Fig.  3, 
the  technical  concept  of  the  present  invention  also  can 
be  effectively  applied  to  the  drive  circuits  of  the  other 
systems  shown  in  Fig.  2,  for  example. 

In  Fig.  3,  a  segment  electrode  drive  circuit  301  com- 
prises  a  logic  circuit  305  for  processing  the  signals  sent 
from  a  control  circuit  (not  shown  in  the  drawing)  and  an 
output  circuit  302j  which  selectively  supplies  +Vs  or  -Vs 
to  the  jth  (j  =  1  ,  m)  segment  electrode  Xj  on  the  basis 
of  the  instruction  from  the  logic  circuit  305.  Namely, 
when  a  transistor  303j  is  ON  and  a  transistor  304j  is  OFF, 
+Vs  is  applied  to  the  segment  electrode  line  Xj,  and 
when  the  transistor  303j  is  OFF  and  the  transistor  304j 
is  ON,  -Vs  is  applied  to  the  segment  electrode  line  Xj.  A 
state  wherein  the  two  transistors  303j  and  304j  are  si- 
multaneously  ON  does  not  occur.  The  substrate  of  these 
transistors  303j  and  304j  are  connected  to  positive  and 
negative  power  supplies  +Vd  and  -Vd,  which  are  applied 
to  the  logic  circuit  305,  respectively  (with  the  proviso  that 
IVdl  >  IVsl). 

Further,  the  common  electrode  drive  circuit  306 

comprises  a  logic  circuit  311  for  processing  the  signals 
sent  from  the  control  circuit  (not  shown  and  an  output 
circuit  307k  which  selectively  supplies  +Vc  or  -Vc  or  0 
to  the  kth  (k  =  1  ,  n)  common  electrode  line  Ykon  the 

5  basis  of  the  instruction  of  the  logic  circuit  311  .  Namely, 
when  a  transistor  308k  is  ON  and  a  transistor  309k  and 
a  (semiconductor)  switch  31  0k  are  OFF,  +Vc  is  applied 
to  the  common  electrode  line  Yk,  and  when  the  transis- 
tor  308k  and  the  switch  31  0k  are  OFF  and  the  transistor 

10  309k  is  ON,  -Vc  is  applied  to  the  common  electrode  line 
Yk.  While,  when  the  switch  310k  is  ON  and  the  transis- 
tors  308k  and  309k  are  OFF,  zero  (0)  potential  is  applied 
to  the  common  electrode  line  Yk.  A  state  wherein  at  least 
two  of  the  transistors  308k  and  309k  and  the  switch  310k 

is  are  simultaneously  ON  does  not  occur.  The  substrate  of 
these  transistors  308k,  309k  and  the  substrate  of  the 
transistor  that  constitutes  the  switch  31  0k  are  connected 
to  the  positive  and  negative  power  supplies  +Ve,  -Ve, 
which  are  applied  to  the  logic  circuit  311,  respectively 

20  (with  the  proviso  that  (IVcl  >  IVdl). 
Therefore,  the  difference  voltage  between  the  seg- 

ment  electrode  drive  voltage  VXj  (+Vs,  -Vs)  and  the 
common  electrode  drive  voltage  VYk  (+Vc,  0,  -Vc)  is  ap- 
plied  to  the  pixel  Pjk  formed  at  the  point  of  intersection 

25  between  the  segment  electrode  Xj  and  the  common 
electrode  Yk,  and  there  are  several  methods  of  selecting 
the  timings  for  selecting  each  of  these  voltages. 

Figure  4  is  a  diagram  showing  an  example  of  the 
ideal  voltage  waveforms  to  be  applied  to  the  liquid  crys- 

30  tal  by  using  the  circuit  construction  shown  in  Fig.  3.  In 
this  diagram,  periods  T1(t1),  T2(t2),  Tn(tn)  represent 
those  periods  in  which  the  first  segment  electrode  Y1  , 
the  second  common  electrode  Y2  and  the  nth  common 
electrode  Yn  are  selectively  driven,  and  the  period  from 

35  the  period  T1  to  the  period  Tn  (or  from  the  period  t1  to 
the  period  tn)  is  one  vertical  scanning  period.  The  re- 
spective  pixels  are  driven  by  the  voltage  applied  during 
the  selection  period,  which  is  1/n  of  one  vertical  scan- 
ning  period,  and  during  the  non-selection  period  which 

40  is  1  -  (1/n)  of  one  vertical  scanning  period.  During  the 
period  T1,  +Vc  is  applied  to  the  segment  electrode  Y1 
and  the  0  potential  is  applied  to  the  other  common  elec- 
trodes.  During  the  period  T2,  -Vc  is  applied  to  the  seg- 
ment  electrode  Y2  and  the  0  potential  is  applied  to  the 

45  other  common  electrodes.  The  system  which  reverses 
the  polarity  of  the  selective  drive  voltage  whenever  the 
row  to  be  driven  is  selectively  changed  in  this  manner 
is  referred  to  as  a  "row  reversion  system".  In  the  subse- 
quent  vertical  scanning  period  t1,  tn  the  polarity  of 

so  the  selective  drive  voltage  to  be  applied  to  each  row  is 
further  reversed,  and  this  system  is  referred  to  as  a  "field 
reversion  system".  Accordingly,  the  system  shown  in 
Fig.  4  is  referred  to  as  a  "row  reversion/field  reversion 
system". 

55  Furthermore,  the  drive  voltage  applied  to  the  seg- 
ment  electrode  is  determined  in  accordance  with  the 
data  which  is  to  be  displayed.  Assuming  that  the  pixel 
portion  corresponding  to  the  segment  electrode  Xa  is  to 
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be  displayed  black  throughout  all  the  periods,  the  pixel 
portion  corresponding  to  the  segment  electrode  Xb  is  to 
be  displayed  white  throughout  all  the  periods,  and  the 
liquid  crystal  panel  to  be  used  is  normally  black  (which 
becomes  more  and  more  transparent  with  an  increasing 
applied  voltage),  then  the  voltages  such  as  VXa  and 
VXb  shown  in  Fig.  4  are  applied  to  the  respective  seg- 
ment  electrodes.  For  example,  a  voltage  VY1  -  VXa  is 
applied  to  the  pixel  Pa1  at  the  point  of  intersection  be- 
tween  the  common  electrode  Y1  and  the  segment  elec- 
trode  Xa,  and  the  voltage  waveform  thereof  is  represent- 
ed  by  VPa1  in  Fig.  4.  A  voltage  such  as  VPb1  shown  in 
Fig.  4  is  applied  to  the  pixel  Pb1  formed  by  the  common 
electrode  Y1  and  the  segment  electrode  Xb. 

Assuming  that  the  liquid  crystal  responds  to  the  ef- 
fective  value  of  the  voltage  applied,  the  effective  value 
of  the  voltage  applied  to  the  pixel  Pa1  described  above 
during  one  scanning  period  (hereinafter  referred  to  as 
the  "driving  effective  voltage")  is  expressed  by  the  for- 
mula  (1  )  below  and  the  driving  effective  voltage  applied 
to  the  pixel  Pb1  described  above  is  likewise  given  by  the 
formula  (2)  below: 

Voff  : 

Von  : 

'(Vc-Vs)2+  (n-1)Vs2 
n 

'(Vc-Vs)2+  (n-1)Vs2 
n 

(1) 

(2) 

The  difference  between  the  formulas  (1  )  and  (2)  giv- 
en  above  appears  as  the  difference  of  the  display  state 
(dark  and  bright).  Accordingly,  the  greater  this  differ- 
ence,  the  better  the  display,  and  the  condition  that  pro- 
vides  the  best  display  state  is  that  under  which  the  quo- 
tient  (Von/Voff)  obtained  by  dividing  the  formula  (2)  by 
the  formula  (1)  becomes  the  greatest,  and  is  given  by 
the  formula  (3)  below.  The  quotient  (Von/Voff)  at  this 
time  is  given  by  the  formula  (4)  below: 

ivci  r  
IVsl" 

Von 
Voff" 

Jr\  +  1 
Vn  -  1 

(3) 

(4) 

The  ratio  IVcl/IVsl  is  referred  to  as  a  "driving  voltage 
ratio"  and  when  the  driving  voltage  ratio  satisfies  the  for- 
mula  (3),  the  ratio  is  referred  to  as  an  "optimum  driving 
voltage  ratio".  The  values  Voff  and  Von  are  determined 
primarily  when  Vc  and  Vs  are  decided.  A  driving  effec- 
tive  voltage  outside  this  range  cannot  be  applied  in  prin- 
ciple,  but  a  driving  effective  voltage  between  Von  and 
Voff  can  be  applied.  An  example  of  the  segment  elec- 
trode  driving  voltage  waveform  in  this  case  is  represent- 
ed  by  VXc  in  Fig.  4.  When  much  a  means  is  employed, 
a  liquid  crystal  television  apparatus  requiring  a  grada- 
tion  display  can  be  accomplished. 

When  the  formula  (3)  is  employed,  the  value  IVsl 
that  provides  the  maximum  contrast  can  be  determined 
when  IVcl  is  set  to  a  certain  value,  and  the  contrast 
drops  at  values  other  than  this  IVsl  value.  Nevertheless, 
since  the  waveforms  much  as  VXa,  VXb,  VXc,  etc., 

shown  in  Fig.  4  represent  merely  the  ideal  state,  and 
such  an  ideal  state  cannot  be  attained  in  practice  be- 
cause  dull  portions  (inclusive  of  spikes)  occur  in  the  liq- 
uid  crystal  drive  voltage  waveform  due  to  the  influences 

5  of  the  parasitic  resistance  existing  parasitically  at  each 
portion  and  the  capacitance  of  the  liquid  crystal.  There- 
fore,  even  if  the  drive  voltage  is  set  on  the  basis  of  the 
formula  (3),  to  thus  obtain  the  maximum  contrast,  the 
contrast  that  theoretically  should  be  obtained  cannot  be 

10  obtained  in  practice.  Namely,  the  greater  the  dullnees 
of  the  drive  voltage  waveform  applied  across  both  ends 
of  the  liquid  crystal,  the  greater  the  drop  in  the  contrast. 

Next,  this  dullness  of  the  drive  waveform  leads  to  a 
drop  in  the  response  of  the  liquid  crystal.  Namely,  the 

is  response  of  the  liquid  crystal  is  increased  with  a  greater 
Von/Voff  value,  but  if  any  dullness  exists  in  the  wave- 
form,  the  value  Von/Voff  becomes  smaller  and  the  re- 
sponse  of  the  liquid  crystal  drops.  Accordingly,  when  a 
certain  display  having  a  quick  motion  is  effected,  an  "af- 

20  ter-image"  or  "image  lag"  phenomenon  becomes  more 
noticeable.  Furthermore,  the  dullness  of  the  drive  wave- 
form  results  in  cross-talk,  known  conventionally  as  a  crit- 
ical  problem,  in  the  simple  matrix  type  display  device. 
When  a  display  such  as  that  shown  in  Fig.  5(A)  is  effect- 

25  ed  on  a  liquid  crystal  television  receiver,  for  example, 
the  practical  display  image  becomes  as  shown  in  Fig.  5 
(B).  In  a  display  device  of  the  type  wherein  a  display 
panel  is  divided  into  upper  and  lower  sections,  to  im- 
prove  a  driving  duty  ratio,  and  these  upper  and  lower 

30  display  panels  are  driven  independently  of  each  other, 
the  display  obtained  in  practice  is  as  shown  in  Fig.  5(D), 
when  an  image  as  shown  in  Fig.  5(C)  is  to  be  displayed. 
This  is  because  the  dull  portions  appear  in  the  voltage 
waveform  applied  to  the  liquid  crystal,  and  the  ideal  state 

35  is  not  attained  due  to  the  influences  of  the  output  resist- 
ance  of  the  drive  power  supply  circuit  204,  the  internal 
wiring  resistance  of  the  segment  and  common  electrode 
drive  circuits  201  ,  202,  the  output  resistance  thereof,  the 
connection  resistance  between  both  drive  circuits  and 

40  the  display  panel,  the  resistance  of  the  outgoing  elec- 
trode  portion,  and  the  like,  as  described  above. 

Also  as  described  above,  the  dullness  of  the  voltage 
waveform  applied  across  both  ends  of  the  liquid  crystal 
deteriorates  all  the  characteristics  of  the  liquid  crystal 

45  display  device,  and  in  some  cases,  exerts  an  adverse 
influence  such  that  the  liquid  crystal  display  device  can 
no  longer  be  used.  Counter-measures  employed  in  the 
past  to  solve  this  problem  first  stabilize  the  voltage  to  be 
given  to  the  drive  circuit  from  outside  and  then  reduce 

so  the  resistance  of  each  part  as  much  as  possible,  but  it 
is  practically  difficult  to  make  the  resistance  of  each  part 
zero  and  thus  a  certain  degree  of  resistance  always  re- 
mains.  Accordingly,  in  many  cases  the  conventional 
counter-measures  do  not  provide  a  sufficient  effect 

55  The  dullness  of  the  waveform  applied  across  both 
ends  of  the  liquid  crystal  deteriorates  all  the  character- 
istics  of  the  liquid  crystal  display  as  described  above.  In 
contrast,  the  present  invention  is  directed  to  improve  the 
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dullness  of  the  waveform,  and  to  accomplish  an  ideal 
drive  state,  from  all  aspects.  Since  the  cross-talk  has 
been  primarily  discussed  as  the  principal  problem  re- 
sulting  from  the  dullness  of  the  waveform,  the  explana- 
tion  will  be  based  mainly  on  the  cross-talk  problem,  to 
thus  clearly  distinguish  the  present  invention  from  the 
prior  art  technique. 

A  typical  conventional  explanation  of  the  cross-talk 
is  shown  in  Fig.  6.  Assuming  that  all  the  pixels  on  line  A 
display  only  white  (or  black),  the  column  drive  voltage 
of  the  line  A  is  reversed  whenever  a  row  scanning  is 
carried  out,  and  whenever  this  reversion  takes  place,  a 
charge/discharge  to  and  from  the  liquid  crystal  as  the 
capacitive  load  is  effected.  Accordingly,  the  dullness  oc- 
curs  in  the  waveform  even  during  the  non-selection  pe- 
riod  of  the  driving  voltage  VA  applied  to  both  ends  of  an 
arbitrary  one  of  the  pixels  on  the  line  A,  as  represented 
by  VA  in  Fig.  6.  Also,  asouming  that  the  pixels  on  line  B 
pick  up  the  display  state  where  white  and  black  are  re- 
versed  at  every  line,  the  column  drive  voltage  VB  of  the 
line  B  retains  a  predetermined  value,  and  therefore,  a 
charge/discharge  to  and  from  the  liquid  crystal  during 
the  non-selection  period  is  not  effected,  and  the  drive 
voltage  applied  across  both  ends  of  the  arbitrary  one  of 
the  pixels  on  the  line  B  becomes  VB,  as  shown  in  Fig. 
6.  When  the  non-selection  periods  thereof  are  com- 
pared,  the  effective  value  of  VA  is  found  to  be  smaller 
than  the  effective  value  of  VB,  and  thus  the  pixels  which 
should  appear  at  the  same  brightness  are  dark  in  the 
line  A  and  bright  in  the  line  B.  The  conventional  expla- 
nation  regards  this  phenomenon  as  the  cause  of  the 
cross-talk. 

A  proposal  for  an  improvement  based  on  the  con- 
cept  described  above  is  disclosed,  for  example,  in  Jap- 
anese  Examined  Patent  Publication  No.  64-4197,  and 
this  prior  art  technique  provides  certain  effects.  These 
prior  art  inventions,  however,  are  not  directed  to  an  im- 
provement  of  the  dullness  of  the  waveform  itself,  but  are 
directed  mainly  to  making  uniform  the  number  of  times 
of  a  charge/discharge  that  generates  the  dullness  of  the 
waveform,  and  further,  assume  that  the  display  data  are 
binary  data  (black  and  white).  Accordingly,  they  are  not 
effective  for  a  gradation  display  such  as  a  television  im- 
age. 
EP-A-0374845  discloses  a  method  of  driving  a  direct 
drive  liquid  crystal  display  in  which  the  number  of  cells 
in  the  ON  (or  OFF)  state  in  the  present  frame  scan  are 
counted  and  compared  with  those  of  the  previous  scan. 
A  compensation  voltage,  of  a  value  determined  accord- 
ing  to  the  result  of  the  comparison,  is  superimposed  on 
drive  voltages  of  unselected  scan  electrodes  or  of  each 
data  electrode,  with  a  polarity  which  causes  undesired 
spike  voltages  at  unselected  cells  to  be  cancelled,  in 
synchronisation  with  selection  of  the  scan  electrode(s). 
Although  numbers  of  cells  are  counted,  thereby  neces- 
sitating  a  counter,  there  is  no  actual  measurement  of 
current  flowing  for  the  particular  display  panel  in  use. 
Furthermore,  as  particularly  disclosed,  the  display  is  bi- 

nary  in  nature. 
When  the  display  data  is  binary  data,  a  switching  of 

the  drive  voltage  conforms  with  the  scanning  switching 
timing  of  the  common  electrodes.  Therefore,  an  adjust- 

5  ment  can  be  made  so  that  the  effective  value  of  each 
column  at  the  time  of  a  non-selection  becomes  uniform, 
regardless  of  the  display  pattern,  by  applying  contriv- 
ances  to  the  polarity  reversion  period  of  the  row  drive 
voltage  to  substantially  equalise  the  number  of  times  of 

10  a  charge  and  discharge  of  each  column  at  the  time  of  a 
non-selection.  In  the  liquid  crystal  television  receiver 
having  a  gradation,  however,  a  switching  of  the  drive 
voltage  of  the  segment  electrodes  does  not  always  co- 
incide  with  the  scanning  switching  timing  of  the  common 

is  electrodes,  and  thus  the  number  of  times  of  a  charge 
and  discharge  cannot  be  adjusted  even  when  the  polar- 
ity  of  the  row  drive  voltage  is  reversed. 

The  inventor  of  the  present  invention  carefully  ex- 
amined  the  influences  of  the  dullness  of  the  waveform 

20  on  the  cross-talk,  and  found  that  there  are  some  cases 
which  cannot  be  fully  explained  by  the  concept  shown 
in  Fig.  6.  The  inventor  therefore  attempted  to  reproduce 
the  liquid  crystal  drive  state,  to  thereby  analyze  such 
cases.  Figure  7  shows  a  conventional  model  as  the  ba- 

25  sis  of  the  explanation  of  Fig.  6.  The  basic  point  in  Fig.  7 
is  that  a  segment  electrode,  which  originally  should  exist 
as  a  plurality  thereof,  is  represented  by  one  common 
electrode.  Namely,  among  a  plurality  of  common  elec- 
trodes,  a  large  voltage  is  selectively  applied  to  only  one 

30  electrode  during  a  certain  period,  and  all  of  the  others 
are  fixed  at  the  zero  (0)  potential.  Therefore,  the  influ- 
ence  of  the  selected  common  electrode  is  excluded  by 
regarding  it  as  sufficiently  small  as  a  whole,  and  an  ab- 
solute  greater  number  of  common  electrodes  that  are  in 

35  the  non-selection  state  can  be  collected  as  one  elec- 
trode.  Then,  each  segment  electrode  can  be  regarded 
as  an  aggregate  of  electrodes  each  having  a  capaci- 
tance  c  with  respective  to  one  common  electrode  which 
is  at  the  zero  (0)  potential,  and  these  segment  elec- 

40  trades  can  be  regarded  as  being  switched  to  +Vs  and  - 
Vs  by  the  switches  S1  ,  S2,  ..  each  having  an  output  re- 
sistance  ro. 

The  problems  with  this  reproduction  are  that  only 
the  resistance  component  of  the  segment  electrodes  is 

45  taken  into  consideration  as  the  resistance  component, 
and  further,  only  the  output  resistance  of  the  switches 
(corresponding  to  the  transistors  303j,  304,  in  Fig.  3)  is 
handled.  It  is  true  that  the  output  resistance  of  the  inte- 
grated  liquid  crystal  driving  circuit  is  on  the  order  of  kilo- 

50  ohms,  and  is  by  far  greater  than  the  resistance  of  the 
resistors  added,  but  a  resistance  (inclusive  of  the  output 
resistance)  also  exists  in  series  in  the  power  source  line, 
although  its  value  is  small,  and  the  sum  of  the  currents 
flowing  through  a  plurality  of  paths  are  associated  with 

55  this  resistance.  Therefore,  there  may  be  case  where  this 
resistance  cannot  be  neglected. 

Particularly,  the  power  supply  line  resistance  in- 
volved  in  driving  the  segment  electrodes  is  not  taken  into 

4 
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consideration  in  the  explanation  of  Fig.  6,  but  this  is  be- 
lieved  to  be  a  factor  that  cannot  be  neglected  when  the 
mode  of  appearance  of  the  cross-talk  in  the  liquid  crystal 
television  image  is  examined.  Therefore,  when  the  re- 
sistance  of  each  power  supply  line  is  added  to  Fig.  7, 
the  equivalent  circuit  becomes  as  shown  in  Fig.  8.  In 
Fig.  8,  a  resistor  RD  is  inserted  to  the  +Vs  power  supply 
line,  and  a  resistor  RS  to  the  -Vs  power  supply  line.  For 
the  common  electrodes,  a  resistor  RM  is  added  to  the 
zero  potential.  This  resistor  RM  includes  the  output  re- 
sistance  of  the  common  electrode  drive  circuit  (the  out- 
put  resistance  of  the  semiconductor  switch  31  OK  in  Fig. 
3). 

Since  the  cross-talk  occurs  when  the  drive  wave- 
form  of  the  segment  electrodes  is  different,  the  case 
whereby  a  plurality  of  segment  electrodes  are  divided 
into  two  groups  can  be  considered  as  an  example  there- 
of.  Figure  9  shows  an  example  where  N  segment  elec- 
trodes  are  divided  into  M  electrodes  and  (N  -  M)  elec- 
trodes.  The  equivalent  capacitance  CB  of  a  group  (here- 
inafter  referred  to  as  the  "B  group")  comprising  M  elec- 
trodes  is  c.M,  and  the  equivalent  output  resistance  rB 
thereof  is  ro/M.  Further,  the  group  (hereinafter  referred 
to  as  the  "A  group")  comprising  (N  -  M)  electrodes  has 
an  equivalent  capacitance  CA  of  c-(N  -  M)  and  an  equiv- 
alent  output  resistance  rAof  ro/(N  -  M).  The  B  group  and 
the  group  A  are  switched  to  +Vs  and  -Vs  and  are  con- 
nected  by  the  switch  SB  and  the  switch  SA,  respectively. 
The  display  state  for  each  row  in  each  of  these  groups 
is  assumed  to  be  the  same. 

The  results  of  a  simulation  using  this  example  dur- 
ing  the  non-selection  state  are  shown  in  the  following 
drawings.  In  the  drawings,  symbols  SWA  and  SWB  de- 
note  the  state  of  the  switches  SA  and  SB  shown  in  Fig. 
9.  When  SWA  is  at  an  H  level,  for  example,  the  switch 
SA  is  connected  to  the  +Vs  side,  and  when  it  is  at  an  L 
level,  the  switch  SA  is  connected  to  the  -Vs  side.  Sym- 
bols  VDX,  VSX,  VMX,  VA  and  VB  represent  the  poten- 
tials  or  potential  difference  at  the  points  shown  in  Fig.  9. 
In  Figs.  10  to  12,  the  relationship  (N  -  M)  »   M  is  estab- 
lished,  to  thus  provide  a  condition  whereby  the  influence 
due  to  the  dullness  of  the  waveform  is  noticeable,  and 
values  approximate  to  those  of  an  actual  display  device 
are  selected  for  ro,  c,  RD,  RS  and  RM.  Although  the  val- 
ue  c  changes  between  the  ON  time  and  the  OFF  time 
in  a  practical  liquid  crystal,  it  is  here  assumed  that  the 
value  c  does  not  change  in  accordance  with  the  state, 
for  the  purpose  of  simulation. 

Figure  10  shows  the  simulation  results  of  the  case 
that  corresponds  to  Fig.  6.  In  Fig.  10,  symbols  VY1  ,  VY2 
and  VY3  represent  the  selection  timing  of  the  common 
electrodes  and  this  diagram  shows  the  state  where  the 
selection  potential  (+Vc  or  -Vc)  is  applied  to  the  respec- 
tive  common  electrodes  at  the  hatched  portions  while 
the  zero  (0)  potential  is  applied  thereto  during  the  other 
periods.  As  these  merely  represent  the  timing,  they  are 
neglected  during  the  simulation. 

The  state  SWA  of  the  switch  SA  described  above 

changes  to  H  and  L  whenever  the  selection  period  of 
the  common  electrodes  changes,  as  shown  in  the  dia- 
gram,  because  the  A  group  described  above  must  dis- 
play  only  white  or  only  black  throughout  the  full  row  and 

5  the  state  SWB  of  the  switch  SB  is  fixed  to  H  during  one 
vertical  scanning  period,  for  example  (to  L  during  the 
next  scanning  period),  because  the  B  group  should  dis- 
play  each  row  alternately  as  white  and  black. 

The  waveforms  of  VA  and  VB  in  Fig.  9  at  this  time 
10  are  ideally  shown  by  VA  and  VB  in  Fig.  10,  but  in  prac- 

tice,  these  become  VAX  and  VBX  as  shown  in  Fig.  10. 
Nevertheless,  although  the  dullness  of  the  waveform 
and  spikes  exhibit  exponential  changes  in  practice,  they 
are  expressed  linearly  for  simplification.  Furthermore,  it 

is  is  believed  that  the  spike  for  an  extremely  short  period 
can  be  neglected  when  calculating  the  effective  value 
from  the  response  of  the  liquid  crystal,  and  thus  this  is 
omitted  from  the  drawing  (this  also  holds  true  for  the 
subsequent  drawings). 

20  When  VAX,  VBX  are  compared  with  Fig.  6,  it  can 
be  understood  that  VAX  exhibits  a  similar  tendency  but 
VBX  is  apparently  different.  This  is  because  VDX,  VSX 
and  VMX  change  as  shown  in  Fig.  1  0,  due  to  the  pres- 
ence  of  the  resistors  RD,  RS  and  RM  shown  in  Fig.  9. 

25  Next,  this  change  will  be  explained.  When  the  switch 
state  SWA  changes  from  L  to  H  at  the  time  Tp,  a  spike- 
like  current  flows  from  +Vs  in  Fig.  9  towards  the  zero  (0) 
potential  through  the  path  ranging  from  the  resistor  RD, 
the  switch  SA,  the  resistor  rA,  the  capacitance  cA  and 

30  the  resistor  RM,  and  the  voltage  drop  due  to  this  current 
changes  VDX  and  VMX  in  the  spike  form.  At  this  time, 
the  current  does  not  flow  through  the  resistor  RS,  and 
VSX  does  not  change.  Next,  when  the  switch  state  SWA 
changes  from  H  to  L  at  the  time  Tq,  a  spike-like  current 

35  flows  from  the  zero  (0)  potential  towards  -Vs  through  the 
path  ranging  from  the  resistor  RM,  the  liquid  crystal  cA, 
the  resistor  rA  and  the  resistor  RS,  so  that  VSX  and  VMX 
change.  At  this  time,  the  current  does  not  flow  through 
the  resistor  RD,  and  VDX  does  not  change. 

40  |f  the  value  N  -  M  is  sufficiently  high,  the  rA  becomes 
sufficiently  low.  Therefore,  the  voltage  drop  due  to  the 
resistor  rA  is  sufficiently  smaller  than  the  voltage  drop 
due  to  the  resistors  RD,  RS.  On  the  other  hand,  the  cur- 
rent  flows  through  the  capacitance  CB  with  the  change 

45  of  VDX,  VMX,  but  if  M  is  sufficiently  smaller  than  N  -  M, 
the  value  cB  is  sufficiently  smaller  than  cA  and  the  volt- 
age  drop  component  of  the  current  flowing  through  cB 
due  to  the  resistor  rB  becomes  relatively  very  small. 
Namely,  the  voltage  VAX  (or  VBX)  across  both  ends  of 

so  the  liquid  crystal  is  substantially  VDX  -  VMX  when  the 
switch  state  SWA  (or  SWB)  is  at  H  and  is  substantially 
VSX  -  VMX  when  the  switch  state  SWA  (or  SWB)  is  at 
L,  as  shown  in  Fig.  10. 

In  the  vicinity  of  the  time  Tp,  the  changes  of  VDX 
55  and  VDM  act  in  a  direction  which  reduces  the  effective 

values  of  both  of  VAX  and  VBX,  but  in  the  vicinity  of  the 
time  Tq,  the  change  of  VAX  acts  in  a  direction  that  re- 
duces  the  effective  value  for  VBX  and  the  changes  of 

5 
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both  VMX  and  VSX  act  in  a  direction  that  reduces  the 
effective  value  for  VAX.  Accordingly,  it  is  believed  that 
the  difference  between  VAX  and  VBX  is  affected  more 
by  the  resistors  RD,  RS,  RM  than  by  the  segment  elec- 
trode  output  resistance  ro  in  Fig.  8. 

Figure  11  shows  the  results  of  a  simulation  when 
the  A  and  B  groups  described  above  effect  white  and 
black  opposite  displays  throughout  all  the  rows,  and  Fig. 
12  shows  the  results  of  a  simulation  when  the  A  group 
effects  the  white  or  black  display  but  the  B  group  effects 
a  gray  display  between  white  and  black.  In  these  draw- 
ings,  the  symbols  and  names  have  the  same  meaning 
as  in  Fig.  1  0.  The  difference  of  these  drawings  from  Fig. 
10  is  that  the  current  resulting  from  the  change  of  SWB 
flows  through  CB  in  Fig.  9,  but  this  current  component 
may  be  neglected  because  the  value  of  CB  is  sufficiently 
smaller  than  the  value  of  CA,  as  already  described.  Ac- 
cordingly,  the  same  concept  as  in  Fig.  1  0  can  be  applied 
to  Figs.  11  and  12.  Although  an  individual  explanation 
thereof  is  omitted,  it  is  obvious  from  these  results  that 
the  driving  effective  voltage  applied  to  the  pixels  of  the 
A  group  drops  at  the  time  of  a  non-selection  and  the  driv- 
ing  effective  voltage  applied  to  the  pixels  of  the  B  group 
rises  more  than  those  of  the  A  group  at  the  time  of  a 
non-selection.  Since  the  liquid  crystal  is  assumed  to  be 
normally  back,  the  display  state  becomes  darker  when 
the  driving  effective  voltage  drops  and  becomes  brighter 
when  the  driving  effective  voltage  increases.  Therefore, 
the  display  state  of  a  certain  pixel  in  the  A  group  be- 
comes  darker  than  its  original  display  state,  and  the  dis- 
play  state  of  a  certain  pixel  in  the  B  group  becomes  rel- 
atively  brighter  (brighter  than  the  original  display  state 
in  the  cases  of  Figs.  11  and  12,  in  particular).  When  the 
differences  between  the  driving  voltages  VAX  and  VBX 
applied  to  the  pixels  of  the  A  and  B  groups  during  the 
non  -selection  period  are  compared  with  one  another  for 
Figs.  10,11  and  1  2,  it  can  be  understood  that  the  differ- 
ence  exists  only  near  the  time  Tq  in  the  case  of  Fig.  10, 
but  the  differences  exist  both  near  the  time  Tp  and  the 
time  Tq  in  the  cases  of  Figs.  11  and  12.  Naturally,  the 
difference  occurs  in  those  rows  in  which  the  display 
state  of  the  B  group  is  different  from  the  display  state  of 
the  A  group,  and  the  difference  of  the  driving  effective 
voltage  throughout  the  non-selection  period  is  deter- 
mined  by  the  number  of  such  rows. 

The  explanation  given  above  deals  with  the  non-se- 
lection  period,  and  the  situation  becomes  more  compli- 
cated  in  the  case  of  the  selection  period,  as  follows.  If 
the  dullness  of  the  waveform  of  the  selection  voltage 
(±Vc)  is  neglected,  the  A  group  gives  a  white  display  in 
Fig.  10,  for  example,  the  common  electrode  drive  volt- 
age  VY1  should  be  -Vc  at  the  time  Tp,  and  therefore,  - 
Vc  -  VDX  is  applied  to  the  pixels  of  the  Y1  row  of  the  A 
group.  Since  the  common  electrode  drive  voltage  VY2 
should  be  +Vc  at  the  time  Tq,  +Vc  -  VSX  is  applied  to 
the  pixels  of  the  Y2  row  of  the  A  group.  Obviously,  the 
direction  of  the  dullness  of  VDX,  VSX  in  this  case  is  the 
direction  which  reduces  the  effective  value  in  the  selec- 

tion  period  (the  direction  which  darkens  the  white).  Con- 
versely,  when  the  A  group  effects  the  black  display,  the 
common  electrode  drive  electrode  VY1  at  the  time  Tp 
should  be  +Vc.  Therefore,  +Vc  -  VDX  is  applied  to  the 

5  pixels  of  the  Y1  row  of  the  A  group.  Since  the  common 
electrode  drive  voltage  VY2  should  be  -Vc  at  the  time 
Tq,  -vc  -  VSX  is  applied  to  the  pixels  of  the  Y2  row  of 
the  A  group.  In  this  case,  it  is  obvious  that  the  direction 
of  the  dullness  of  VDX  and  VSX  is  the  direction  which 

10  increases  the  effective  value  in  the  selection  period  (the 
direction  which  brightens  black).  It  can  be  assumed  from 
the  above  discussion  that  the  dullness  of  the  drive  volt- 
age  applied  to  the  pixels  of  the  A  group  during  the  se- 
lection  period  acts  in  such  a  direction  as  to  lower  the 

is  contrast.  For  the  pixels  of  the  B  group,  the  same  voltage 
as  the  voltage  of  the  A  group  is  applied  to  the  pixels  of 
the  B  group  having  the  same  display  as  the  A  group,  but 
for  the  display  pixels  different  from  those  of  the  A  group, 
+Vc  -  VDX  is  applied  at  the  time  Tq  when  the  A  group 

20  effects  the  white  display,  for  example,  and  the  effective 
value  during  the  selection  period  is  not  altered. 

To  summarize  the  above  discussion,  if  N  -M  »   M 
in  the  example  shown  in  Fig.  9,  the  following  can  be  con- 
cluded. 

25 
(1)  During  the  non-selection  period,  the  driving 
effective  voltage  drops  regardless  of  the  display 
state  in  the  A  group.  The  degree  of  the  voltage  drop 
depends  on  the  number  of  times  of  switching  of  the 

30  segment  electrode  voltage. 
(2)  During  the  non-selection  period,  the  driving 
effective  voltage  increases  more  in  the  B  group  than 
in  the  A  group  regardless  of  the  display  state.  The 
degree  of  this  increase  depends  on  the  number  of 

35  rows  having  a  different  display  state  from  the  A 
group  at  the  time  of  switching  of  the  segment  elec- 
trode  drive  voltage  of  the  A  group. 
(3)  During  the  selection  period,  the  driving  effective 
voltage  drops  in  the  A  group  when  the  display  state 

40  changes  from  black  to  white.  The  driving  effective 
voltage  increases  when  the  display  state  changes 
from  white  to  black. 
(4)  During  the  selection  period,  the  driving  effective 
voltage  either  increases,  decreases  or  does  not 

45  change  in  the  B  group,  depending  on  the  display 
state. 

The  driving  effective  voltage  practically  applied  to 
the  liquid  crystal  must  be  calculated  throughout  the  se- 

50  lection  period  as  well  as  throughout  the  non-selection 
period.  Strictly  speaking,  therefore,  an  extremely  com- 
plicated  calculation  must  be  made,  depending  on  the 
display  state.  Therefore,  it  is  assumed  that  the  influenc- 
es  of  the  resistors  RD,  RS  and  RM  are  great  as  the 

55  cause  of  the  cross-talk  or  the  drop  of  the  contrast.  Ac- 
cordingly,  it  must  be  concluded  that  the  conventional 
concept  is  not  sufficient,  and  thus  really  effective  coun- 
ter-measures  cannot  be  taken. 

6 
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Figures  1  1  and  1  2  show  the  results  of  a  simulation 
wherein  all  the  columns  (N  columns)  of  the  liquid  crystal 
display  device  are  divided  into  two  column  groups  (A 
group  and  B  group)  and  the  number  N  -  M  of  the  columns 
of  the  A  group  is  made  sufficiently  greater  than  the 
number  M  of  the  columns  of  the  B  group,  and  Fig.  13. 
shows  the  results  of  a  simulation  where  the  number  of 
the  columns  of  the  A  group  is  the  same  as  that  of  the  B 
group.  The  timing  relation  in  Fig.  1  3  corresponds  to  that 
of  Fig.  1  1  .Although  the  difference  of  the  effective  value 
between  VAX  and  VBX  is  clearly  observed  in  Fig.  11, 
the  difference  of  the  effective  value  between  VAX  and 
VBX  is  not  observed  in  Fig.  1  3.  Namely,  although  cross- 
talk  does  not  occur  in  this  case,  it  is  important  to  note 
that  the  dullness  of  the  waveform  at  each  part  in  Fig.  1  3 
is  smaller  than  that  in  Fig.  11  .  As  already  described,  the 
effective  value  at  the  time  of  selection  is  affected  by  the 
dullness  of  the  waveforms  of  VDX  and  VSX.  Since  the 
dullness  of  VDX  and  VSX  is  great  in  the  case  of  Fig.  11  , 
the  deviation  of  the  driving  voltage  applied  to  the  pixels 
during  the  selection  period  from  the  theoretical  value  is 
great,  and  the  tendency  for  the  white  portion  to  become 
dark  and  the  black  portion  to  become  bright  is  strong, 
so  that  the  contrast  drops  even  when  the  effective  value 
during  the  non-selection  period  is  the  same.  In  the  case 
of  Fig.  13,  however,  the  dullness  of  VDX,  VSX  is  small 
and  the  drop  of  the  contrast  is  also  small.  Paradoxically, 
the  maximum  contrast  can  be  obtained  by  displaying 
half  of  the  screen  in  white  and  the  other  half  in  black;  if 
the  screen  is  displayed  as  fully  white  or  black  and  the 
difference  between  these  cases  is  considered,  the  low- 
est  contrast  can  be  obtained. 

The  cause  of  the  difference  of  the  dullness  of  the 
waveform  between  Figs.  11  and  13  can  be  understood 
to  be  as  follows.  Figure  14(A)  is  an  equivalent  circuit 
diagram  when  the  case  of  Fig.  1  3  is  used  as  an  example 
is  assumed  that  the  capacitance  of  the  liquid  crystal 
formed  by  the  half  of  the  screen  is  cx  and  RD,  RS  and 
RMare  all  rx,  for  a  simplification.  At  this  time,  the  current 
Ix  flowering  from  +Vs  flows  to  -Vs  and  the  current  does 
not  flow  towards  the  zero  (0)  potential.  The  time  con- 
stant  Tx  of  the  circuit  at  this  time  is  (2-rx)  (cx/2)  =  rx  cx, 
and  the  dullness  of  the  waveform  of  the  voltage  applied 
across  both  ends  of  the  liquid  crystal  of  the  A  group  is 
small,  as  shown  in  Fig.  14(B). 

Further,  Fig.  15(A)  is  an  equivalent  circuit  diagram 
corresponding  to  Fig.  11.  Assuming  that  the  capacitance 
of  the  B  group  is  much  smaller  than  that  of  the  A  group, 
the  capacitance  of  the  A  group  can  be  set  to  2-(cx)  by 
regarding  the  capacitance  of  the  B  group  as  zero  (0).  At 
this  time,  the  current  flowing  from  +Vx  flows  fully  to- 
wards  the  zero  (0)  potential.  The  time  constant  Tx  of  the 
circuit  at  this  time  is  (2-rx)-(2-cx)  =  4-rx-cx,  and  the  dull- 
ness  of  the  waveform  of  the  voltage  applied  across  both 
ends  of  the  liquid  crystal  of  the  A  group  becomes  four 
times  as  great  as  that  of  Fig.  1  4,  as  shown  in  Fig.  1  5(B). 
This  difference  of  the  time  constants  means  that  the  dif- 
ference  of  four  times  also  exists  between  the  maximum 

and  minimum  dullness  of  the  waveforms  of  VDX  and 
VSX. 

Assuming  that  the  effective  value  at  the  time  of  non- 
selection  is  equal,  the  difference  of  the  display  state  is 

5  determined  by  the  difference  of  the  effective  values  at 
the  time  of  selection,  and  since  the  effective  value  at  the 
time  of  selection  is  affected  by  the  dullness  of  the  wave- 
forms  of  VDX,  VSX,  the  difference  of  the  dullness  of  the 
waveforms  VDX,  VSX  at  the  time  of  selection  means  the 

10  difference  of  the  effective  value  at  the  time  of  selection. 
Accordingly,  the  portion  which  should  originally  have  the 
same  brightness  becomes  different  depending  on  the 
display  state.  When  the  effective  values  are  calculated, 
the  difference  of  four  times  of  the  time  constants  is  a 

is  value  greater  than  four  times. 
A  counter-measure  for  the  cross-talk  which  takes 

the  resistance  of  the  power  supply  lines  into  considera- 
tion  has  been  very  recently  proposed  ("SID  90  DIGEST, 
412.21:  "Crosstalk-Free  Drive  Method  for  STN-LCDs" 

20  (hereinafter  referred  to  as  the  "Reference  2")).  Figure  3 
of  this  reference  depicts  the  resistor  corresponding  to 
RM  of  the  present  invention,  and  the  Reference  1  as- 
cribes  the  voltage  drop  due  to  this  resistor  as  one  of  the 
causes  of  the  cross-talk.  To  correct  the  influences  of  this 

25  voltage  drop,  the  Reference  1  adds  a  D.C.  bias  voltage 
AV  to  VM,  which  is  defined  in  the  present  invention,  in 
each  drive  period  of  each  row.  The  Reference  1  de- 
scribes  that  the  AV  at  this  time  can  be  calculated  from 
the  difference  between  the  number  of  pixels  in  the  ON 

30  state  on  the  common  electrodes  which  are  now  in  the 
selection  period,  and  the  number  of  pixels  which  are  to 
be  turned  ON,  on  the  common  electrodes  which  are  to 
be  selected  next. 

To  state  the  conclusion  first,  this  method  is  effective 
35  as  a  counter-measure  for  the  cross-talk,  but  this  exam- 

ple  does  not  fully  consider  the  power  supply  resistors 
RD,  RS  in  the  present  invention.  Since  the  Reference  2 
is  based  on  the  concept  that  the  difference  of  the  effec- 
tive  voltage  during  the  non-selection  period  is  offset  by 

40  the  D.C.  bias,  the  value  AV  described  above  is  relatively 
small  and  the  dullness  of  the  waveform  does  not  change 
much.  This  means  that,  although  the  effective  voltage 
during  the  non-selection  period  can  be  made  uniform, 
the  influence  of  the  dullness  of  the  waveform  during  the 

45  selection  period  is  not  greatly  improved  and  the  cause 
of  the  cross-talk  remains.  In  connection  with  the  contrast 
and  response  also,  improvements  are  yet  to  be  made 
as  long  as  the  influences  of  RD  and  RS  exist.  As  de- 
scribed  in  the  Reference  2,  this  method  is  effective  for 

so  a  "frame  gradation",  but  cannot  be  applied  so  easily  to 
those  devices  which  effect  a  gradation  display  by  chang- 
ing  the  voltage  impression  time  during  the  selection  pe- 
riod,  as  in  a  liquid  crystal  television  receiver. 

The  value  AV  described  above  is  calculated  from 
55  the  difference  of  the  number  of  the  pixels  in  the  ON  state 

on  the  common  electrodes  that  are  currently  in  the  se- 
lection  period,  and  the  number  of  the  pixels,  which  are 
to  be  turned  ON,  on  the  common  electrodes  which  are 

7 
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to  be  selected  next.  Nevertheless,  even  though  the 
number  of  the  pixels  turned  ON  during  a  certain  selec- 
tion  period  is  the  same,  the  timing  at  which  the  pixels 
are  turned  ON  is  not  always  the  same.  In  other  words, 
there  is  the  case  where  all  the  pixels  are  simultaneously 
turned  ON,  and  there  is  also  another  case  whore  the 
pixels  are  turned  ON  individually  or  non-uniformly.  Since 
the  effective  values  turn  out  different  in  both  of  these 
cases,  a  correction  cannot  be  made.  Since  the  capaci- 
tance  of  the  liquid  crystal  changes  with  the  drive  state, 
as  already  described,  the  capacitance  value,  or  the  cur- 
rent  value  and  thus  the  power  supply  voltage  change, 
changes  in  a  complicated  manner  under  a  complicated 
drive  state  such  as  in  the  case  of  the  gradation  display, 
and  it  is  extremely  difficult  to  maintain  a  predetermined 
correction  state.  The  change  of  the  ambient  tempera- 
ture  also  must  be  taken  into  consideration  when  solving 
this  problem. 

SUMMARY  OF  THE  INVENTION 

Therefore,  an  object  of  the  present  invention  is  to 
solve  the  problems  resulting  from  the  dullness  of  the 
waveform,  inclusive  of  the  problem  of  the  cross-talk  de- 
scribed  above,  in  all  display  modes  by  bringing  the  drive 
voltage  applied  to  both  ends  of  the  liquid  crystal  as  close 
as  possible  to  an  ideal  state. 

This  object  is  achieved  by  an  electrooptical  display 
device  as  it  is  defined  in  Claim  1  . 

The  dependent  Claims  concern  particular  embodi- 
ments  of  the  invention. 

The  influences  of  the  resistance  of  each  part  (the 
output  resistance  of  the  power  supply,  the  wiring  resist- 
ance  inside  the  drive  integrated  circuit,  the  wiring  resist- 
ance  inside  the  panel,  etc.)  that  result  in  the  dullness  of 
the  waveform  are  the  influences  of  the  voltage  drop 
brought  forth  by  the  current  that  flows  through  the  re- 
sistance  of  each  part.  This  current  flows  into  and  out  of 
the  common  electrode  drive  circuit  and  the  segment 
electrode  drive  circuit  through  the  liquid  crystal,  which 
is  a  capacitive  load,  and  leads  to  the  voltage  drop  when 
it  flows  through  the  resistance  of  each  part,  so  that  a 
voltage  different  from  the  external  voltage  given  is  even- 
tually  applied  to  the  liquid  crystal.  The  present  invention 
is  based  on  the  premise  that  the  voltage  drop  always 
exists,  regardless  of  the  degree  thereof,  pays  specific 
attention  to  the  resistance  that  exists  parasitically  in  the 
power  supply  system  and  exerts  a  particularly  great  in- 
fluence,  detects  the  current  that  brings  such  a  voltage 
drop  to  the  resistance,  and  changes  the  external  voltage 
to  be  given  to  the  drive  circuit  in  accordance  with  this 
current  quantity,  to  thus  solve  the  problem  described 
above. 

Figure  1  6  is  an  explanatory  view  explaining  the  fun- 
damental  concept  of  the  present  invention.  When  the 
circuit  shown  in  Fig.  16(A)  is  considered  and  the  voltage 
waveform  to  be  applied  to  the  point  V  and  the  voltage 
waveform  at  the  point  E  corresponding  to  the  former  are 

considered,  the  dullness  of  the  waveform  at  the  point  E 
is  great  as  shown  in  fig.  1  6(B)  if  a  step-like  voltage  wave- 
form  is  applied  to  V,  but  is  small  if  an  impulse-like  cor- 
rection  voltage  is  added  to  the  voltage  to  be  applied  to 

5  the  point  V  as  shown  in  Fig.  1  6(C).  The  means  for  solv- 
ing  the  problems,  employed  in  the  present  invention  on 
the  basis  of  such  a  concept,  comprises  the  following. 
Namely,  in  a  display  device  including  a  display  panel 
having  common  electrode  groups  and  segment  elec- 

10  trode  groups,  a  common  electrode  driving  circuit  and  a 
segment  electrode  driving  circuit,  the  present  invention 
detects  a  current  quantity  flowing  through  the  display 
panel,  and  is  constituted  such  that: 

is  (1)  the  common  electrode  drive  voltage  applied  to 
the  common  electrode  group  through  the  common 
electrode  drive  circuit  is  adjusted  in  accordance 
with  the  current  value;  and 
(2)  the  segment  electrode  drive  voltage  applied  to 

20  the  segment  electrode  group  through  the  segment 
electrode  drive  circuit  is  adjusted  in  accordance 
with  the  current  value. 

In  accordance  with  the  present  invention,  the  volt- 
25  age  drop  induced  by  the  current  flowing  through  the  dis- 

play  panel  is  adjusted  by  detecting  this  current,  so  that 
the  driving  voltage  applied  to  the  liquid  crystal  approach- 
es  the  ideal  state  in  all  conditions,  whereby  the  contrast 
and  response  are  improved  and  cross-talk  is  greatly  re- 

30  duced. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  structural  circuit  view  showing  a  first 
35  embodiment  of  the  present  invention; 

Fig.  2  is  a  structural  view  showing  the  structure  of 
a  simple  matrix  type  liquid  crystal  display  device; 
Fig.  3  is  a  structural  view  showing  an  example  of  a 
liquid  crystal  driving  circuit; 

40  Fig.  4  is  an  operation  waveform  diagram  showing 
an  example  of  an  ideal  liquid  crystal  driving  voltage 
waveform; 
Fig.  5  is  an  explanatory  view  of  the  influences  of 
cross-talk; 

45  Fig.  6  is  a  conventional  explanatory  view  explaining 
the  cross-talk; 
Fig.  7  shows  a  model  of  a  liquid  crystal  drive  system 
is  based  on  the  conventional  explanation; 
Fig.  8  shows  a  first  model  of  a  liquid  crystal  drive 

so  system  according  to  the  present  invention; 
Fig.  9  shows  a  second  model  of  the  liquid  crystal 
drive  system  fabricated  according  to  the  present 
invention; 
Figs.  1  0  to  1  3  are  explanatory  views  of  the  present 

55  unsolved  problems,  on  the  basis  of  the  results  of  a 
simulation  of  the  second  model; 
Figs.  1  4  and  1  5  are  explanatory  views  of  the  differ- 
ence  of  the  degree  of  dullness  of  the  waveform  in 
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accordance  with  the  display  state; 
Fig  16  is  an  explanatory  view  of  the  basic  concept 
of  the  present  invention; 
Fig.  17  and  18  are  explanatory  views  of  embodi- 
ments  of  a  current  detection  means  and  a  voltage 
control  means; 
Fig.  1  9  is  a  structural  view  showing  the  first  embod- 
iment  of  the  present  invention  applied  to  the  liquid 
crystal  drive  system  model  shown  in  Fig.  9; 
Figs.  20  to  22  are  explanatory  views  of  the  effects 
of  the  present  invention,  on  the  basis  of  results 
obtained  by  simulating  the  structure  shown  in  Fig. 
19; 
Figs.  23  to  28  are  views  illustrating  a  first  to  a  sixth 
aspects  of  the  present  invention,  respectively; 
Fig.  29  is  a  structural  circuit  diagram  showing  the 
second  embodiment  of  the  present  invention; 
Fig.  30  is  an  explanatory  view  of  the  second  embod- 
iment  of  the  present  invention  applied  to  the  liquid 
crystal  drive  system  model  shown  in  Fig.  9; 
Fig.  31  (A)  and  Fig.  31  (B)  are  structural  circuit  dia- 
gram  showing  a  third  embodiment  of  the  present 
invention; 
Fig.  32  is  a  structural  circuit  diagram  showing  the 
fourth  embodiment  of  the  present  invention; 
Fig.  33  is  an  explanatory  view  of  the  third  embodi- 
ment  of  the  present  invention  applied  to  the  liquid 
crystal  drive  system  model  shown  in  Fig.  9; 
Fig.  34  is  a  structural  circuit  diagram  showing  the 
fifth  embodiment  of  the  present  invention; 
Fig.  35  is  a  structural  circuit  diagram  showing  the 
sixth  embodiment  of  the  present  invention; 
Fig.  36  is  a  structural  circuit  diagram  showing  the 
seventh  embodiment  of  the  present  invention; 
Fig.  37  is  a  structural  circuit  diagram  showing  the 
eighth  embodiment  of  the  present  invention; 
Fig.  38  is  a  waveform  diagram  showing  an  example 
of  a  liquid  crystal  drive  waveform  different  from  that 
used  for  the  explanation  of  the  present  invention; 
and 
Fig.  39  is  an  explanatory  view  of  the  present  inven- 
tion  when  applied  to  the  example  shown  in  Fig.  38. 
Fig.  40  is  a  view  illustrating  a  positive  feed-back  cir- 
cuit  formed  in  an  adjusting  circuit  as  shown  in  Fig.  1  ; 
Fig.  41  is  a  view  illustrating  a  positive  feed-back  cir- 
cuit  formed  in  an  adjusting  circuit  as  shown  in  Fig. 
29;  and 
Fig.  42  is  a  view  illustrating  a  positive  feed-back  cir- 
cuit  formed  in  an  adjusting  circuit  as  shown  in  Fig. 
34. 

The  present  invention  provides  an  electrooptical 
display  device  comprising  a  display  panel  having  com- 
mon  electrode  group  and  segment  electrode  group,  a 
common  electrode  driving  circuit  and  a  segment  elec- 
trode  driving  circuit,  and  an  adjusting  circuit  provided  be- 
tween  a  display  driving  power  source  and  said  display 
panel,  and  provided  with  a  current  detection  means  for 

detecting  current  flowing  through  said  display  panel, 
and  a  voltage  control  means  for  controlling  a  driving  volt- 
age  applied  between  said  common  electrode  group  and 
said  segment  electrode  group,  wherein  the  adjusting  cir- 

5  cuit  is  so  constituted  that,  in  operation,  the  driving  volt- 
ages,  applied  between  said  common  electrode  group 
and  said  segment  electrode  group  are  controlled  by  the 
output  signal  from  said  current  detection  means,  and  the 
adjusting  circuit  comprises,  in  respect  to  said  current 

10  flowing  through  said  display  panel,  a  positive  feedback 
loop  adapted  to  adjust  the  driving  voltage  in  proportion 
to  the  detected  current  value. 

In  accordance  with  a  first  aspect  of  the  present  in- 
vention,  the  electrooptical  display  device  is  constructed 

is  as  shown  in  Figs.  23  and  24,  in  which  a  current  detection 
means  of  an  adjusting  circuit  is  connected  to  any  one  of 
said  common  electrode  driving  and  a  segment  electrode 
driving  circuit,  while  a  voltage  control  means  thereof  is 
connected  to  an  opposite  electrode  driving  circuit  to 

20  which  the  common  electrode  driving  circuit  connects. 
In  accordance  with  a  second  aspect  of  the  present 

invention,  the  electrooptical  display  device  is  construct- 
ed  as  shown  in  Figs.  27  and  28  in  which  a  current  de- 
tection  means  of  the  adjusting  circuit  is  connected  to  any 

25  one  of  the  common  electrode  driving  circuit  and  the  seg- 
ment  electrode  driving  circuit,  while  the  voltage  control 
means  thereof  is  connected  to  the  same  electrode  driv- 
ing  circuit  to  which  the  common  electrode  driving  circuit 
connects. 

30  In  accordance  with  a  third  aspect  of  the  present  in- 
vention,  the  electrooptical  display  device  is  constructed 
in  which  a  current  detection  means  and  the  voltage  con- 
trol  means  of  the  adjusting  circuit  are  connected  both  of 
the  common  electrode  driving  circuit  and  the  segment 

35  electrode  driving  circuit. 
In  accordance  with  a  fourth  aspect  of  the  present 

invention,  the  electrooptical  display  device  is  construct- 
ed  as  shown  in  Fig.  27  or  28,  in  which  a  current  detection 
means  of  the  adjusting  circuit  is  connected  any  one  of 

40  the  common  electrode  driving  circuit  and  the  segment 
electrode  driving  circuit,  while  the  voltage  control  means 
thereof  is  connected  to  both  of  the  common  electrode 
driving  circuit  and  the  segment  electrode  driving  circuit. 

In  accordance  with  a  fifth  aspect  of  the  present  in- 
45  vention,  the  electrooptical  display  device  is  constructed 

as  shown  in  fig.  26,  in  which  a  current  detection  means 
is  connected  to  the  common  electrode  driving  circuit  and 
a  plurality  of  segment  electrode  driving  voltage  control 
means  are  connected  to  said  segment  electrode  driving 

so  circuit  and  to  a  plurality  of  said  segment  electrode  driv- 
ing  voltage  sources,  wherein  each  one  of  said  segment 
electrode  driving  voltage  control  means  is  controlled  by 
an  output  signal  output  from  said  current  detection 
means. 

55  In  accordance  with  a  sixth  aspect  of  the  present  in- 
vention,  the  electrooptical  display  device  is  constructed 
as  shown  in  Fig.  25,  in  which  a  voltage  control  means 
is  connected  to  the  common  electrode  driving  circuit  and 
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a  plurality  of  sequment  electrode  driving  current  detec- 
tion  means  are  connected  to  the  segment  electrode  driv- 
ing  circuit  and  to  a  plurality  of  the  segment  electrode 
driving  voltage  sources,  wherein  the  common  electrode 
voltage  control  means  is  controlled  by  each  one  of  out- 
put  signal  output  from  the  each  one  of  the  current  de- 
tection  means. 

In  accordance  with  a  seventh  aspect  of  the  present 
invention,  the  electrooptical  display  device  is  construct- 
ed  as  shown  in  Figs.  27  and  28,  in  which  both  of  the 
current  detection  means  and  a  fist  voltage  control 
means  of  the  adjusting  circuit  are  connected  to  any  one 
of  the  common  electrode  driving  circuit  and  segment 
electrode  driving  circuit  and  the  adjusting  circuit  is  fur- 
ther  provided  with  a  second  voltage  control  means  sep- 
arate  from  the  first  voltage  control  means  which  is  con- 
nected  to  an  opposite  electrode  driving  circuit  to  which 
the  first  voltage  control  means  connects. 

The  preferred  embodiments  of  the  present  inven- 
tion  will  be  explained  with  reference  to  Figures  with  re- 
spect  to  each  one  of  the  aspects  of  the  present  invention 
as  mentioned  above. 

Figure  1  shows  the  first  embodiment  of  the  present 
invention,  and  corresponds  to  a  first  aspect  of  the 
present  invention  as  shown  in  Fig.  23  or  25.  In  Fig.  1  ,  a 
correction  circuit  100  is  constituted  as  follows.  A  poten- 
tial  EA  is  applied  to  the  positive  input  terminal  of  a  first 
differential  amplifier  101  and  the  output  terminal  of  this 
first  differential  amplifier  1  01  is  fed  back  to  the  negative 
input  terminal  of  the  first  differential  amplifier  101 
through  a  resistor  Ra,  and  is  connected  to  the  negative 
input  terminal  of  a  third  differential  amplifier  1  03  through 
a  resistor  r.  A  potential  EB  is  applied  to  the  positive  input 
terminal  of  a  second  differential  amplifier  102  and  the 
output  terminal  of  this  second  differential  amplifier  102 
is  fed  back  to  the  negative  input  terminal  of  the  second 
differential  amplifier  102  and  is  connected  to  the  nega- 
tive  input  terminal  of  the  third  differantial  amplifier  103 
described  above.  The  potential  EA  is  applied  to  the  pos- 
itive  input  terminal  of  the  third  differential  amplifier  103 
through  a  resistor  Rx  and  the  potential  EB  is  applied 
thereto  through  the  resistor  Rx.  The  output  terminal  of 
this  third  differential  amplifier  103  is  fed  back  to  the  neg- 
ative  input  terminal  of  the  third  differential  amplifier  1  03 
through  the  resistor  R.  The  output  VH  is  taken  out  from 
the  negative  input  terminal  of  the  first  differential  ampli- 
fier  1  01  ,  the  output  VL,  from  the  negative  input  terminal 
of  the  second  differential  amplifier  102  and  the  output 
VM,  from  the  output  terminal  of  the  third  differential  am- 
plifier  103. 

Note  that,  in  the  first  embodiment,  two  current  de- 
tection  means  3-1  ,  and  3-2,  and  a  voltage  control  means 
4  are  provided  in  the  adjusting  circuit  100. 

This  circuit  will  be  explained  with  reference  to  Figs. 
17  and  18.  The  circuit  shown  in  Fig.  17  is  a  well  known 
current  detection  circuit.  Assuming  that  the  current  flow- 
ing  from  the  output  V  to  a  load  is  I,  the  following  rela- 
tionship  can  be  established: 

V  =  E,  Vo  =  E  +  Ra-I 
The  output  VM  in  the  circuit  shown  in  Fig.  1  8  is  given  as 
follows: 

VM  =  (EA  +  EB)/2  -  (R/r)-(eA  +  eB) 
Therefore,  assuming  that  the  current  flowing  out  of  the 
output  VH  is  IH  and  the  current  flowing  into  the  output 
VL  is  IL  in  the  circuit  shown  in  Fig.  1  ,  the  following  rela- 
tionship  can  be  established: 

VH  =  EA,  VL  =  EB, 
VM  =  (EA  +  EB)/2  -  (R-Ra/r)-(IH  -  IL) 

Accordingly,  VM  takes  the  value  obtained  by  subtracting 
the  voltage  proportional  to  I  H  from  the  intermediate  volt- 
age  between  EA  and  EB,  and  adding  the  voltage  pro- 
portional  to  I  L  to  the  balance. 

When  the  adjusting  circuit  100  shown  in  Fig.  1  is 
applied  to  Fig.  9,  the  circuit  structure  becomes  as  shown 
in  Fig.  19,  i.e.,  if  EA  =  +Vs  and  EB  =  -Vs,  then, 

VH  =  +Vs,  VL  =  -Vs, 
VM  =  -(R-Ra/r)-(IH  -  IL) 

Therefore,  when  IH  flows  and  VMX  rises,  VM  drops  in 
proportion  to  IH  and  lowers  VMX.  If  IL  flows  and  VMX 
drops,  VM  rises  in  proportion  to  IL  and  raises  VMX.  The 
proportional  constants  to  be  applied  to  I  N  and  I  L  are  reg- 
ulated  by  making  R  variable. 

Figures  20,  21  and  22  show  the  results  of  a  simu- 
lation  during  the  non-selection  period,  using  the  struc- 
ture  shown  in  Fig.  19,  when  the  proportional  constant  is 
set  to  a  certain  value.  The  timing  relationships  in  these 
diagrams  correspond  to  those  of  Figs.  10,  11  and  12, 
respectively.  The  explanation  will  be  given  for  Fig.  20. 

When  the  switch  state  SWA  described  above 
changes  from  L  to  H  at  the  time  Tp,  a  current  IH  flows 
from  VH  to  VM.  This  current  is  used  to  raise  the  potential 
of  VMX,  but  since  the  adjusting  circuit  100  described 
above  lowers  the  potential  of  VM  by  the  voltage  compo- 
nent  proportional  to  IH,  as  a  result  VMX  does  not  rise 
but  drops.  At  the  time  Tq,  the  switch  state  SWA  changes 
from  H  to  L  and  a  current  IL  flows  from  VM  to  VL  and  is 
used  to  lower  the  potential  of  VMX,  but  since  the  adjust- 
ing  circuit  100  raises  the  potential  of  VM  by  the  voltage 
component  proportional  to  I  L,  as  a  result  VMX  is  not  low- 
ered  but  rises. 

In  consequence,  the  change  of  VDX  acts  in  a  direc- 
tion  that  will  lower  the  effective  values  for  both  VAX  and 
VBX  near  the  time  Tp,  but  conversely,  the  change  of 
VMX  acts  in  a  direction  that  will  raise  the  effective  val- 
ues.  This  change  acts  in  a  direction  that  will  lower  the 
effective  value  of  VMX  in  connection  with  VBX.  As  a  re- 
sult  of  these  synthetic  operations,  the  effective  values 
of  VAX  and  VBX  approach  in  a  direction  such  that  they 
become  equal  to  each  other. 

It  is  important  to  note  that  the  operation  described 
above  operates  as  a  positive  feedback.  Namely,  the  cur- 
rent  IH  flows  on  the  basis  of  the  potential  difference  be- 
tween  VH  and  VM,  but  when  the  current  I  H  flows,  VM  is 
lowered  in  proportion  to  this  value,  and  thus  the  positive 
feedback  operation  makes  the  value  IH  greater  and 

10 
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greater,  and  decreases  the  value  VM  with  the  former. 
As  a  result,  IH  instantaneously  becomes  a  large  current 
and  provides  the  following  effect. 

Generally,  when  the  charge/discharge  characteris- 
tics  of  the  capacity  are  considered,  the  voltage  across 
both  ends  of  the  capacity  is  proportional  to  the  integra- 
tion  value  of  the  charge/discharge  current.  In  the  case 
of  a  charge/discharge  at  a  small  current,  the  voltage 
across  both  ends  of  the  capacity  changes  slowly  and 
the  dullness  is  great.  On  the  contrary,  in  the  case  of 
charge/discharge  at  a  large  current,  the  voltage  across 
both  ends  of  the  capacity  changes  sharply  and  the  dull- 
ness  is  small.  Namely,  in  accordance  with  this  embodi- 
ment,  the  liquid  crystal  as  the  capacitive  load  is  instan- 
taneously  charged/discharged  due  to  the  afore-men- 
tioned  positive  feedback  operation,  and  the  dullness  of 
the  driving  voltage  waveform  applied  to  both  ends  of  the 
liquid  crystal  is  remarkably  improved  and  approaches 
the  ideal  drive  state.  The  time  td  shown  in  Fig.  20  is  de- 
picted  on  a  greater  scale  than  the  practical  simulation 
result  to  enable  the  effects  of  the  present  invention  to 
be  more  esaily  understood. 

The  explanation  for  Figs.  21  and  22  will  be  omitted 
because  the  same  concept  as  described  above  also  can 
be  applied.  It  should  noted  that  the  effective  values  of 
VAX  and  VBX  are  regarded  as  being  equal  throughout 
all  of  Figs.  20  ,  21  and  22.  This  can  be  understood  more 
clearly  when  compared  with  Figs.  10,  11  and  1  2.  Name- 
ly,  the  effective  values  of  VBX  shown  in  Fig.  11  and  VBX 
shown  in  Fig.  12  can  be  regarded  as  equal,  but  the  ef- 
fective  value  of  VBX  shown  in  Fig.  1  0  cannot  be  regard- 
ed  as  equal  to  these  two.  In  contrast,  in  Figs.  20,  21  and 
22,  the  difference  of  the  effective  voltage  values  carrot 
be  observed  between  VAX  or  between  VBX,  and  the  dif- 
ference  of  the  effective  value  also  cannot  be  observed 
between  VAX  and  VBX. 

The  explanation  given  above  relates  to  the  non-se- 
lection  period.  For  the  selection  period,  the  differences 
of  VDX,  VSX  do  not  exist  from  Fig.  20  to  Fig.  22  and  the 
time  td  is  sufficiently  small,  as  already  described.  Ac- 
cording  to  the  theory  of  the  liquid  crystal,  the  voltage 
change  having  a  sufficiently  short  time  need  not  be  in- 
cluded  in  the  calculation  of  the  effective  value  from  the 
response  property  of  the  liquid  crystal,  as  already  de- 
scribed,  and  from  the  practical  point  of  view,  it  can  be 
considered  that  there  is  no  substantial  difference  in  the 
drive  force  of  the  liquid  crystal  in  the  selection  period 
between  Figs.  20  to  22  and  Fig.  13.  In  contrast,  in  the 
cases  of  Figs.  1  0  to  1  2,  the  dullness  of  the  waveform  is 
gentle  and  the  drive  force  of  the  liquid  crystal  is  affected 
accordingly. 

Figure  29  shows  the  second  embodiment  of  the 
present  invention  corresponding  to  the  fourth  aspect  of 
the  present  invention  as  shown  in  Fig.  24  or  26.  In  Fig. 
29,  the  adjusting  circuit  230  is  provided  with  a  current 
detection  means  3  and  two  voltage  control  means  4-1 
and  4-2  and  it  is  specifically  constituted  as  follows.  The 
input  EA  is  connected  to  the  point  P2  through  the  resis- 

tor  r  and  this  point  P2  is  connected  to  the  positive  input 
terminal  of  the  second  differential  amplifier  232.  The  in- 
put  EB  is  connected  to  the  point  P3  through  the  resistor 
r  and  this  point  P3  is  connected  to  the  positive  input  ter- 

5  minal  of  the  third  differential  amplifier  233.  The  point  P2 
described  above  is  further  connected  to  the  point  P1 
througth  the  resistor  r  and  this  point  P1  is  connected  to 
the  positive  input  terminal  of  the  first  differential  amplifier 
231  and  is  connected  also  to  the  point  P3  through  the 

10  resistor  r.  The  output  terminal  P4  of  this  first  differential 
amplifier  231  is  fed  back  to  the  negative  input  terminal 
of  the  first  differential  amplifier  231  through  the  resistor 
Ra,  to  the  negative  input  terminal  of  the  second  differ- 
ential  amplifier  232  through  the  resistor  R,  and  further, 

is  to  the  negative  input  terminal  of  the  third  differential  am- 
plifier  233  through  the  resistor  R.  The  output  terminal  of 
the  second  differential  amplifier  232  is  fed  back  to  the 
negative  input  terminal  of  the  second  differential  ampli- 
fier  232  through  the  resistor  R.  The  output  terminal  of 

20  the  third  differential  amplifier  233  is  fed  back  to  the  neg- 
ative  input  terminal  of  the  third  differential  amplifier  233 
through  the  resistor  R.  The  output  VH  is  taken  out  of  the 
output  terminal  of  the  second  differential  amplifier  232, 
the  output  VL,  from  the  output  terminal  of  the  third  dif- 

25  ferential  amplifier  233  and  the  output  VM,  from  the  neg- 
ative  input  terminal  of  the  first  differential  amplifier  231  . 

Assuming  that  the  potentials  at  the  points  P1,  P2, 
P3  and  P4  are  VP1  ,  VP2,  VP3  and  VP4  and  the  current 
flowing  out  of  the  output  VM  to  the  load  is  IM,  in  the  cir- 

30  cuit  construction  shown  in  Fig.  29,  then  the  following  re- 
lationships  stand: 

VP1  =  (EA  +  EB)/2,  VP2  =  (EA  +  VP1  )/2, 
VP3  =  (EB  +  VP1  )/2,  VP4  =  (EA  +  EB)/2  +  Ra-IM 

At  this  time,  the  outputs  VH,  VL  and  VM  are  given  as 
35  follows,  as  is  obvious  from  the  functions  of  the  differen- 

tial  amplifiers: 
VH  =  EA  -  Ra-IM,  VL  =  EB  -  Ra-IM, 

VM  =  (EA  +  EB)/2 
Namely,  an  intermediate  potential  between  EA  and  EB 

40 is  output  to  VM,  and  the  potentials  obtained  by  subtract- 
ing  the  change  components  proportional  to  the  current 
IM  from  EA,  EB  are  output  to  VH  and  VL,  respectively. 
VM,  however,  is  corrected  in  accordance  with  the  cur- 
rent  flowing  out  of  VH,  VL  in  the  first  embodiment,  but 
VH  and  VL  are  adjusted  in  accordance  with  the  current 
flowing  out  of  VM  in  this  second  embodiment. 

Assuming  that,  in  the  correction  circuit  230  shown 
in  Fig.  29,  EA  =  +Vs  and  EB  =  -Vs,  then, 

VH  =  +Vs  -  Ra-IM,  VL  =  -Vs  -  Ra-IM,  VM  =  0 50 The  results  obtained  by  simulating  this  circuit  by  the  ad- 
justing  circuit  1  00  shown  in  Fig.  19  are  illustrated  in  Fig. 
30.  The  timing  relationship  of  Fig.  30  is  the  same  as 
those  of  Figs.  10  and  20.  When  the  switch  state  SWA 
changes  from  L  to  H  at  the  time  Tp  in  Fig.  30,  a  current 
-Im  flows  from  VH  to  VM  in  Fig.  29  and  VMX  rises  in  the 
positive  direction  due  to  this  current.  As  a  result,  VH  and 
VL  rise  by  Ra-IM.  At  this  time,  VH,  IM  and  VM  have  the 
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relationship  of  a  positive  feedback,  and  IM,  which  attains 
a  large  current,  completes  a  charge  and  discharge  of 
the  liquid  crystal  of  the  aforementioned  group  A  within 
a  short  time.  When  the  switch  state  SWA  changes  from 
H  to  L  at  the  time  Tq,  a  current  IM  flows  from  VM  to  VL 
in  Fig.  29,  and  VMX  drops  in  the  negative  direction  due 
to  this  current.  As  a  result,  VH  and  VL  drop  by  Ra-IM. 
At  this  time,  VL,  IM  and  VM  have  the  relationship  of  a 
positive  feedback  and  IM  completes  a  charge  and  dis- 
charge  of  the  liquid  crystal  of  the  group  A  within  a  short 
time.  All  the  operations  are  finished  within  an  extremely 
short  time,  so  that  the  voltages  applied  to  both  ends  of 
the  liquid  crystals  of  the  groups  A  and  B  become  VAX 
and  VBX,  as  shown  in  Fig.  30,  and  the  dullness  of  the 
waveforms  can  be  greatly  improved.  No  difference  of 
the  effective  value  is  observed  between  VAX  and  VBX, 
and  the  waveforms  are  obviously  approximate  to  the 
original  ideal  waveforms. 

In  the  first  and  second  embodiments  described 
above,  the  effects  of  the  present  invention  are  not  sub- 
stantially  observed  when  the  capacitance  values  formed 
by  the  groups  A  and  B  are  equal  to  each  other,  and  they 
are  driven  under  completely  opposite  states.  Namely, 
the  condition  in  this  case  is  such  that  the  value  of  the 
current  flowing  in  each  group  is  equal  and  the  current 
does  not  flow  through  the  resistor  RM,  as  explained  with 
reference  to  Fig.  1  4.  Therefore,  in  the  first  embodiment, 
the  absolute  values  of  the  currents  IH  and  IL  in  Fig.  1 
are  equal  to  each  other,  and  since  their  polarities  are 
opposite,  the  correction  quantities  are  offset  and  be- 
come  zero  (0),  so  that  VM  is  not  adjusted.  In  the  second 
embodiment,  on  the  other  hand,  the  value  of  the  current 
I  M  in  Fig.  29  becomes  0,  so  that  VH  and  VL  are  not  cor- 
rected.  As  described  above,  however,  the  quantity  of  the 
dullness  of  the  waveform  when  the  capacitance  values 
formed  by  the  groups  A  and  Bare  equal  is  originally  one- 
fourth  of  the  maximum  value.  Furthermore,  since  the  in- 
fluences  on  the  liquid  crystal  drive  force  become  much 
smaller  when  the  dullness  of  the  waveform  becomes 
small,  as  described  already,  the  first  and  second  em- 
bodiments  can  provide  sufficient  effects  in  almost  all 
cases.  Namely,  a  contrast  substantially  approximate  to 
the  theoretical  limit  can  be  obtained  and  the  response 
also  can  be  improved. 

The  first  embodiment  as  explained  above,  shows 
an  adjusting  circuit  in  which  current  flowing  through  said 
segment  electrode  is  detected  by  the  current  detection 
means  and  the  common  electrode  driving  voltage  is 
controlled  by  the  output  signal  output  from  the  current 
detection  means  and  the  second  embodiments  as  ex- 
plained  above,  shows  an  adjusting  circuit  in  which  cur- 
rent  flowing  through  said  common  electrode  is  detected 
by  the  current  detection  means  and  the  segment  elec- 
trode  driving  voltage  is  controlled  by  the  output  signal 
output  from  the  current  detection  means. 

In  the  present  invention,  the  segment  electrode 
driving  voltage  may  be  controlled  by  detected  signal  of 
the  current  detection  means  detecting  current  flowing 

through  the  segment  electrode  or  the  common  electrode 
driving  voltage  may  be  controlled  by  detected  signal  of 
the  current  detection  means  detecting  current  flowing 
through  the  segment  electrode. 

5  Fig.  31  (A)  shows  the  third  embodiment  correspond- 
ing  to  the  second  aspect  of  the  present  invention  as 
shown  in  Fig.s  27  and  28. 

In  Fig.  31  (A),  an  adjusting  circuit  1  00  having  a  func- 
tion  by  which  current  flowing  through  the  common  elec- 

10  trode  is  detected  first  by  a  current  detection  means  and 
then  the  common  electrode  driving  voltage  is  controlled 
by  the  detected  signal  output  from  the  current  detection 
means,  is  disclosed. 

Note  that  in  Fig.  31(A),  both  of  reference  voltages 
is  EA  and  EB  are  applied  to  a  positive  input  terminal  of  an 

operational  amplifier  400  through  a  resister  r,  respec- 
tively,  and  further  an  output  of  the  operational  amplifier 
400  is  positively  fed  back  to  the  positive  input  terminal 
thereof  through  serially  arranged  resister  Rf  and  capac- 

20  itance  Cf  while  an  output  of  the  operational  amplifier  400 
is  negatively  fed  back  to  a  negative  input  terminal  there- 
of  through  a  resister  R  and  an  output  signal  VM  is  output 
from  the  negative  input  terminal  of  the  operational  am- 
plifier  400. 

25  The  operational  mode  of  this  embodiment  is  ex- 
plained  as  follows. 

When  current  IM  is  flowing  in  this  circuit,  the  output 
of  the  operational  amplifier  400  is  increased  by  IM.  Ra 
and  this  amount  of  change  is  positively  fed  back  to  pos- 

30  itive  input  terminal  of  the  operational  amplifier  400 
through  the  capacitance  Cf  and  thereby  a  voltage  the 
output  terminal  thereof  is  steeply  increased  to  cause  an 
output  voltage  VM  increased. 

Therefore,  current  IM  is  also  increased  and  thus 
35  rapid  charge-discharge  operation  is  carried  out  in  the 

capacitance  of  the  liquid  crystal  whereby  a  deformation 
of  wave-form  of  voltage  applied  to  both  end  terminals  o 
the  liquid  crystal  can  be  corrected. 

In  accordance  with  this  adjusting  method,  it  is  ap- 
40  parent  that  the  current  flowing  through  the  segment 

electrode  is  detected  first  by  a  current  detection  means 
and  then  the  segment  electrode  driving  voltage  is  con- 
trolled  by  the  detected  signal  output  from  the  current  de- 
tection  means. 

45  And  further,  this  embodiment  can  be  combined  with 
the  first  or  the  second  embodiment. 

Note,  that  when  a  parasitic  resistance  value  is  large 
or  a  capacitance  formed  is  large  due  to  a  surface  area 
thereof  being  large,  value  rx-cx  as  shown  in  Fig.  14  is 

so  increased  to  an  extent  at  which  a  deformation  of  the 
wave-form  of  the  electrode  driving  voltage  adversely  ef- 
fects  to  a  driving  force  of  the  liquid  crystal  and  thus  a 
sufficient  improved  effect  could  not  be  obtained  in  the 
first  or  the  second  improved  effect  could  not  be  obtained 

55  in  the  first  or  the  second  embodiment. 
In  such  a  case,  it  is  preferred  that  the  third  embod- 

iment  as  shown  in  Fig.  31  (A)  is  combined  with  the  first 
or  second  embodiment. 
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On  the  other  hand,  a  deformation  of  a  wave-form  of 
a  high  driving  voltage  applied  to  the  electrode  during  one 
selected  period  can  be  adjusted  by  detecting  current 
flowing  through  power  source  lines  +Vc  and  -Vc  as 
shown  in  Fig.  3,  and  self-controlling  the  voltage  of  the 
power  source  lines. 

This  embodiments  is  shown  in  Fig.  31(B)  and  in 
which  a  first  adjusting  circuits  401  is  provided  between 
the  power  source  lines  +Vc  and  common  electrode  driv- 
ing  circuit  403  and  a  second  adjusting  circuit  402  is  pro- 
vided  between  the  power  source  lines  +Vc  and  common 
electrode  driving  circuit  403,  respectively. 

Each  of  the  adjusting  circuits  401  and  402  has  the 
same  circuit  construction  as  shown  in  Fig.  31(A)  and 
thus  an  explanation  about  the  operation  thereof  is  omit- 
ted. 

Note,  that  this  embodiment  may  be  combined  with 
another  embodiment.  Fig.  32  shows  a  fourth  embodi- 
ment  of  the  present  invention  and  in  this  embodiment, 
the  first  embodiment  as  shown  in  Fig.  1  and  the  third 
embodiment  in  which  the  segment  electrode  driving 
voltage  is  controlled  by  detecting  current  flowing  in  the 
segment  electrode  utilizing  the  circuit  construction  as 
shown  in  Fig.  31(A)  are  combined. 

In  accordance  with  this  embodiment,  a  driving  con- 
dition  of  the  liquid  crystal  can  be  changed  into  more  ideal 
an  optimal  condition. 

As  apparent  from  Fig.  32,  an  adjusting  method  is 
disclosed  in  which  current  flowing  through  the  liquid 
crystal  is  detected  first,  and  then  both  driving  voltages 
applied  to  the  common  electrode  and  the  segment  elec- 
trode,  respectively,  are  simultaneously  controlled. 

This  embodiment  as  shown  in  Fig.  32,  may  be  con- 
sidered  that  a  new  function  is  added  to  the  adjusting  cir- 
cuit  of  the  first  embodiment  as  shown  in  Fig.  1  and  there- 
fore,  the  same  component  of  Fig.  32  as  used  in  Fig.  1 
is  labelled  with  the  same  reference  as  used  in  Fig.  1  and 
thus  an  explanation  about  an  operation  thereof  is  omit- 
ted. 

Note,  that  the  adjusting  circuit  250  shown  in  Fig.  32 
is  additionally  provided  with  the  following  new  function 
compared  with  the  circuit  of  the  first  embodiment  as 
shown  in  Fig.  1  ; 

A  reference  voltage  EA  is  applied  to  a  positive  input 
terminal  of  a  first  operational  amplifier  101  through  a  re- 
sister  Ri  and  the  positive  input  terminal  is  connected  to 
an  output  thereof  trough  a  circuit  in  which  a  resister  Rf 
and  a  capacitor  Cf  are  serially  arranged. 

On  the  other  hand,  a  reference  voltage  EB  is  ap- 
plied  to  a  positive  input  terminal  of  a  first  operational  am- 
plifier  102  through  a  resister  Ri  and  the  positive  input 
terminal  is  connected  to  an  output  thereof  through  a  cir- 
cuit  in  which  a  resister  Rf  and  a  capacitor  Cf  are  serially 
arranged. 

In  Fig.  32,  the  function  of  the  portion  added  to  Fig. 
1  is  as  follows.  When  the  current  IH  flows,  the  voltage 
proportional  to  this  current  develops  as  the  change  com- 
ponent  at  the  output  terminal  of  the  first  differential  am- 

plifier  101.  Since  this  voltage  change  component  is  fed 
back  positively  to  the  positive  input  terminal  of  the  first 
differential  amplifier  101  through  the  series  circuit  of  the 
resistor  Rf  and  the  capacitor  Cf  ,  the  potential  at  the  out- 

5  put  terminal  of  the  first  differential  amplifier  101  rises,  so 
that  the  potential  of  the  output  VH  rises  but  the  output 
VM  drops.  Then,  the  current  IH  increases  and  the  output 
potential  of  the  first  differential  amplifier  further  rises  due 
to  the  positive  feedback  operation  described  above. 

10  When  the  current  IL  flows,  the  output  VL  drops  rapidly 
while  the  output  VM  rises  rapidly.  These  operations  are 
finished  in  an  extremely  short  time  due  to  the  positive 
feedback  operation.  The  Rf  in  this  circuit  regulates  the 
positive  feedback  quantity  and  suppresses  the  oscilla- 

15  tion  of  the  circuit. 
Since  a  new  feedback  is  added,  the  value  of  the 

constant  at  each  portion  of  the  correction  circuit  250  be- 
comes  different  from  that  of  Fig.  1  .  Figure  33  shows  the 
results  of  a  simulation  carried  out  by  optimizing  these 

20  constants  and  combining  the  liquid  crystal  drive  system 
model  shown  in  Fig.  9.  The  timing  relationships  shown 
in  Fig.  33  correspond  to  those  shown  in  Figs.  11  and  21  . 
As  can  be  seen,  substantially  complete  and  ideal  drive 
waveforms  can  be  obtained  except  for  spikes  of  an  ex- 

25  tremely  short  period  (not  shown),  even  when  the  differ- 
ence  of  the  capacitance  values  of  the  groups  A  and  B 
are  0  and  when  the  difference  of  the  capacitance  values 
is  maximum. 

Figure  34  shows  a  more  definite  embodiment,  i.e., 
30  a  fifth  embodiment,  obtained  by  simplifying  the  embod- 

iment  shown  in  Fig.  1,  as  although  the  embodiment 
shown  in  Fig.  1  provides  remarkable  effects,  it  is  not  free 
from  the  following  problems: 

35  (1  )  The  dullness  of  the  waveform  is  a  phenomenon 
having  a  high  speed  of  up  to  1  u,S,  and  it  is  neces- 
sary  to  output  a  relatively  large  current  having  a 
large  amplitude,  instantaneously,  in  addition  to  the 
high  speed  of  from  some  dozens  to  about  100  nS. 

40  (2)  Generally,  high  speed  amplifiers  satisfying  the 
requirement  (1)  consumed  a  large  amount  of  cur- 
rent  and  cannot  be  easily  applied  to  compact  appa- 
ratuses. 
(3)  Generally,  high  speed  amplifiers  satisfying  the 

45  requirement  (1)  are  very  expensive,  and  the  prac- 
tice  of  the  invention  is  therefore  limited. 

The  embodiment  shown  in  Fig.  34  is  directed  to 
solving  the  problems  described  above,  and  can  provide 

so  the  required  effects  at  a  reduced  cost.  In  Fig.  34,  the 
correction  circuit  270  is  constituted  as  follows.  The  neg- 
ative  input  terminal  of  the  differential  amplifier  271  is 
connected  to  the  potential  Ea  through  the  resistor  r,  to 
the  potential  EB  through  the  resistor  r,  and  further,  to  the 

55  output  terminal  VM  of  the  differential  amplifier  271 
through  the  resistor  R.  The  other  output  terminal  VH  is 
connected  to  the  potential  EA  through  the  resistor  Ra 
and  to  the  positive  input  terminal  of  the  amplifier  271 
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described  above  through  the  resistor  Rx.  Furthermore, 
the  other  output  terminal  VL  is  connected  to  the  potential 
EB  through  the  resistor  Ra  and  to  the  positive  input  ter- 
minal  of  the  differential  amplifier  271  through  the  resistor 
Rx. 

In  this  circuit  construction,  the  outputs  are  given  as 
follows: 

VH  =  EA  -  Ra-IH,  VL  =  EB  +  Ra-IL, 
VM  =  (EA  +  EB)/2  -  (1/2  +  R/r)-Ra-(IH  -  IL) 

When  the  simulation  is  carried  out  by  replacing  the  cor- 
rection  circuit  270  shown  in  Fig.  34  by  the  correction  cir- 
cuit  100  shown  in  Fig.  19,  it  is  found  that  substantially 
the  same  result  can  be  obtained  as  in  Figs.  20  to  22,  by 
appropriately  selecting  the  constants  by  sufficiently  re- 
ducing  the  Ra  value,  or  the  like.  Since  the  number  of 
differential  amplifiers  may  be  smaller  in  the  embodiment 
shown  in  Fig.  34  than  in  the  embodiment  shown  in  Fig. 
1,  the  problems  with  the  embodiment  of  Fig.  1  can  be 
easily  solved. 

In  the  circuit  construction  shown  in  Fig.  2,  either 
one,  or  both,  of  the  segment  electrode  drive  circuit  201 
and  the  common  electrode  drive  circuit  202  are  some- 
times  disposed  inside  the  display  panel.  In  the  active 
type  liquid  crystal  panel,  for  example,  transistors  are 
fabricated  inside  the  panel  and  these  drive  circuits  are 
assembled.  In  the  passive  liquid  crystal  panel,  on  the 
other  hand,  the  drive  integrated  circuit  is  disposed  on 
the  panel  in  accordance  with  the  system  referred  to  as 
"COG  (Chip  On  Glass)".  In  these  cases,  the  drive  volt- 
ages  applied  to  the  liquid  crystal  are  supplied  to  the  drive 
circuits  from  outside  the  panel,  through  the  wirings  in- 
side  the  panel,  and  since  the  wirings  inside  the  panel 
generally  have  a  high  specific  resistance,  this  resistance 
which  can  not  be  neglected. 

In  Japanese  Patent  Unexamined  Publication 
(Kokai)  No.  2-90280  (hereinafter  referred  to  as  the  "ref- 
erence  2"),  the  Applicant  of  the  present  invention  pro- 
posed: 

(1)  An  electrooptical  display  device  characterized 
by  including  outgoing  electrodes  for  detecting  the 
potential  at  a  specific  point  inside  a  display  panel; 
and 
(2)  A  method  of  driving  an  electrooptical  display 
device  characterised  by  detecting  the  potential  at  a 
specific  point  inside  a  display  panel  and  effecting  a 
control  such  that  the  potential  at  said  specific  point 
reaches  a  specific  value. 

If  this  technology  is  applied  to  the  present  invention, 
more  effective  effects  can  be  obtained. 

Figure  35  is  a  structural  view  of  the  sixth  embodi- 
ment,  showing  the  technology  proposed  in  the  reference 
2  applied  to  the  embodiment  of  the  present  invention 
shown  in  Fig.  34.  This  circuit  assumes  a  passive  liquid 
crystal  panel  wherein  the  segment  electrode  drive  circuit 
301  and  the  common  electrode  drive  circuit  306  shown 

in  Fig.  3  are  disposed  inside  the  display  panel  280  by 
COG.  In  Fig.  35,  the  segment  electrode  drive  powersup- 
ply  line  of  the  segment  electrode  drive  circuit  301,  to 
which  VH(+Vs)  is  supplied,  is  taken  out  to  the  outside 

5  through  the  wiring  resistance  (inclusive  of  the  connec- 
tion  resistance  for  external  connection;  hereinafter  the 
same)  Rp  inside  the  panel,  is  applied  with  EA  and  is  tak- 
en  out  through  the  wiring  resistance  Ro.  Furthermore,  it 
is  connected  to  the  positive  input  terminal  of  the  differ- 

10  ential  amplifier  271  .  The  segment  electrode  drive  power 
supply  line,  to  which  VL(-Vs)  is  supplied,  is  taken  out 
through  the  wiring  resistance  Rp  inside  the  panel,  is  ap- 
plied  with  EB  and  is  taken  out  to  the  outside  through  the 
wiring  resistance  Ro.  Furthermore,  it  is  connected  to  the 

is  positive  input  terminal  of  the  differential  amplifier  271. 
The  common  electrode  drive  power  supply  line  of  the 
common  electrode  driving  circuit  306,  to  which  VM(0)  is 
supplied,  is  taken  out  through  the  wiring  resistance  Rq 
inside  the  panel,  is  connected  to  the  output  terminal  of 

20  the  differential  amplifier  271,  is  taken  out  through  the 
wiring  resistance  Rs  and  is  further  connected  to  the  neg- 
ative  input  terminal  of  the  differential  amplifier  271  .  The 
potential  EA  is  applied  to  the  negative  input  terminal  of 
the  differential  amplifier  271  through  the  resistor  r,  and 

25  EB  is  supplied  further  through  the  resistor  r. 
In  the  embodiment  shown  in  Fig.  35,  the  wiring  re- 

sistance  Rp  itself  inside  the  panel  280  plays  the  role  of 
the  current  detection  resistor  Ra  shown  in  Fig.  34.  If 
such  a  construction  is  employed,  it  is  not  necessary  to 

30  dispose  the  currant  detection  resistor  outside.  Accord- 
ingly,  the  resistance  values  of  the  EAand  EB  power  sup- 
ply  lines  need  not  be  increased,  and  thus  the  possibility 
of  increasing  the  dullness  of  the  waveform  of  the  seg- 
ment  electrode  driving  voltage  applied  to  the  liquid  crys- 

35  tal  through  the  segment  electrode  driving  circuit  301  is 
eliminated.  The  resistor  Rx  in  Fig.  34  is  replaced  in  Fig. 
35  by  Rx  +  Ro  but  it  is  only  necessary  that  this  resistor 
be  sufficiently  greater  than  Ra  (Rp),  and  the  addition  of 
Ro  does  not  exert  an  adverse  influence  on  the  circuit 

40  operation.  Furthermore,  the  resistor  R  in  Fig.  34  is  R  + 
Rs  in  Fig.  35,  but  since  R  is  the  variable  resistor,  the 
value  R  +  Rs  may  be  considered  as  falling  withing  the 
range  of  adjustment.  Since  the  adjustment  ratio  R/r  can 
be  made  small  because  the  detecting  position  of  the  po- 

45  tential  to  be  fed  back  to  the  negative  input  terminal  of 
the  differential  amplifier  271  changes,  the  resistor  r  can 
be  set  a  relatively  large  value  and  a  bleeder  current  flow- 
ing  from  EAto  EBthrough  the  resistor  rcan  be  reduced. 

It  is  obvious  that  the  technology  proposed  in  the  ref- 
50  erence  1  can  be  applied  to  the  embodiments  shown  in 

Figs.  1,  29  and  32  of  the  present  invention.  Figure  36 
shows  the  application  of  the  technology  of  the  reference 
1  to  the  embodiment  shown  in  Fig.  1  of  the  present  in- 
vention  refered  to  the  seventh  embodiment,  and  this  can 

55  further  improve  the  characteristics.  Like  reference  nu- 
merals  are  used  in  this  drawing  to  identify  like  constitu- 
ents  as  in  Fig.  1  and  the  explanation  of  such  members 
is  omitted.  In  Fig.  36,  the  resistor  Ra  in  Fig.  1  is  replaced 
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by  the  wiring  resistance  Rp  inside  the  panel  290.  The 
wiring  resistance  Rs  inside  the  panel  290  is  added  to 
the  resistor  R  in  Fig.  1  .  Here,  the  differential  amplifier 
101  in  Fig.  36  operates  in  such  a  manner  that  the  po- 
tential  of  VH  in  Fig.  36  is  kept  at  a  constant  potential  EA, 
and  the  differential  amplifier  102  operates  in  such  a 
manner  that  the  potential  of  VL  in  Fig.  36  is  kept  at  a 
constant  potential  EB,  so  that  the  current  drop  compo- 
nent  of  the  resistor  Rp  is  corrected  and  the  same  effect 
can  be  thus  obtained  so  that  RD  and  RS  of  the  model 
shown  in  Fig.  9  become  extremely  small.  Accordingly, 
the  dullness  of  the  waveforms  of  VDX,  VSX  is  greatly 
reduced,  and  more  remarkable  effects  can  be  obtained. 

Figure  37  shows  the  eighth  embodiment  of  the 
present  invention,  wherein  an  inductor  is  utilized  for  the 
current  detection.  The  output  VH(+Vs)  is  connected  to 
EA  through  the  inductor  L1  and  the  output  VL(-Vs)  is 
connected  to  EB  through  the  inductor  L1  .  The  output  VM 
is  connected  to  the  output  terminal  of  the  differential  am- 
plifier  320  and  to  the  negative  input  terminal  of  the  dif- 
ferential  amplifier  320  through  the  series  circuit  of  the 
resistor  R  and  the  capacitor  CL.  This  input  terminal  is 
grounded  through  the  resistor  r  and  through  another  in- 
ductor  L2,  which  is  coupled  with  the  inductor  L1  coupled 
to  +Vs,  with  a  coupling  coefficient  M,  and  is  further 
grounded  through  the  resistor  r  and  through  the  inductor 
L2,  which  is  connected  to  the  inductor  L1  connected  to 
-Vs,  with  the  coupling  coefficient  M.  The  positive  input 
terminal  of  the  differential  amplifier  320  is  grounded. 

Figure  37  will  be  explained  briefly.  When  the  current 
IH  flows,  for  example,  a  voltage  obtained  by  differenti- 
ating  the  current  IH  develops  at  the  inductor  L2  coupled 
with  the  inductor  L1  which  is  connected  to  EA.  This  volt- 
age  is  integrated  by  the  integration  circuit  consisting  of 
the  differential  amplifier  320  and  the  capacitor  CL,  and 
a  voltage  proportional  to  the  current  IH  develops  at  the 
output  terminal  VM  of  the  differential  amplifier  320. 
When  the  current  IL  flows,  on  the  other  hand,  a  voltage 
obtained  by  differentiating  the  current  I  L  develops  at  the 
inductor  L2  coupled  with  the  inductor  L1  which  is  con- 
nected  to  EB.  This  voltage  is  integrated  by  the  integra- 
tion  circuit  consisting  of  the  differential  amplifier  320  and 
the  capacitor  CL,  and  a  voltage  proportional  to  the  cur- 
rent  I  L  develops  at  the  output  terminal  VM  of  the  differ- 
ential  amplifier  320.  The  values  of  L1  and  L2  are  ex- 
tremely  small  and  can  be  formed  easily  by  the  wirings 
alone,  by  designing  the  wirings  on  the  printed  board. 
Note,  a  circuit  for  defining  the  portion  corresponding  to 
the  integration  constant  must  be  added  to  Fig.  37,  al- 
though  such  a  circuit  is  not  shown  in  Fig.  37. 

As  is  obvious  from  the  description  given  above,  the 
present  invention  brings  the  effective  voltage  values  in 
the  non-selection  and  selection  periods  to  the  theoreti- 
cal  values  by  correcting  the  waveform  of  the  liquid  crys- 
tal  driving  voltage  to  the  original  ideal  waveform  in  all 
the  conditions  inclusive  of  a  gradation  display,  can  solve 
not  only  the  problems  resulting  from  the  dullness  of  the 
waveform  such  as  the  drop  of  constrast  and  deteriora- 

tion  of  response,  but  also  the  cross-talk.  Since  the 
present  invention  detects  the  current  that  actually  flows 
through  the  liquid  crystal,  the  invention  can  obviously 
make  a  stable  correction  against  the  complicated 

5  changes  of  the  current  in  a  gradation  display  and  against 
environmental  changes.  The  display  device  obtained  by 
actually  practicing  the  present  invention  provides  an  ex- 
cellent  display  quality.  Note,  since  the  power  supply  is 
changed  when  practicing  the  present  invention,  the  re- 

10  lationship  between  potentials  of  the  latch-up  circuit  and 
the  like  must  be  examined  and  counter-measures  there- 
for  should  be  taken.  However,  such  measures  will  be 
omitted  as  they  are  irrelevant  to  the  gist  of  the  present 
invention.  When  the  panel  is  divided  into  upper  and  low- 

's  er  two  parts  and  the  displays  of  these  two  parts  are  dif- 
ferent  as  explained  with  reference  to  Figs.  5(C)  and  5 
(D),  the  present  invention  must  be  applied  individually 
to  these  two  parts.  If  the  same  display  is  effected  for  the 
two  parts,  however,  the  present  invention  can  be  applied 

20  in  common  to  both. 
The  effects  obtained  by  the  present  invention  can 

be  summarized  as  follows.  Since  the  present  invention 
drives  the  liquid  crystal  under  the  ideal  state,  it  can  pro- 
vide  a  display  device  having  an  excellent  performance 

25  in  that  : 

(1)  the  theoretically  greatest  contrast  can  be 
obtained; 
(2)  the  device  is  free  from  cross-talk; 

30  (3)  the  response  can  be  improved;  and 
(4)  the  display  device  can  be  applied  even  to 
devices  having  a  gradation  display,  such  as  a  liquid 
crystal  television  receiver. 

35  Thus,  the  effects  of  the  present  invention  are  very  high. 
Recently,  the  load  on  the  drive  circuit  is  increased  be- 
cause  a  greater  number  of  pixels  are  incorporated  in  the 
display  device,  the  display  device  must  effect  a  color  dis- 
play,  and  the  screen  is  enlarged.  In  addition,  a  packag- 

40  ing  system  called  the  "COG  (Chip  On  Glass)  system", 
for  example,  has  been  adopted,  and  the  condition  as- 
sociated  with  the  parasitic  resistance  tends  to  get  worse. 
Nonetheless,  the  present  invention  can  fully  exhibit  suf- 
ficient  effects  and  can  contribute  greatly  to  the  develop- 

45  ment  of  the  display  devices.  Note,  the  parasitic  resist- 
ance  of  each  part  as  the  real  cause  of  the  problems  must 
be  further  continued  because  the  present  invention  is 
intended  to  solve  the  problems  the  the  aspect  of  the 
drive  circuit,  although  the  present  invention  provides 

so  very  high  effects. 
Finally,  some  additional  remarks  on  the  present  in- 

vention  will  be  made. 

(1)  The  foregoing  description  is  given  on  the  liquid 
55  crystal  display  device.  As  is  obvious  from  the 

description,  however,  the  present  invention  is  effec- 
tive  for  an  EL  display  device,  for  example.  There- 
fore,  the  range  of  the  application  of  the  present 
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invention  is  not  particularly  limited  to  the  liquid  crys- 
tal  display  device. 
(2)  The  definite  drive  mothods  of  the  display  device 
are  diversified  as  already  described.  Besides  the 
drive  method  used  for  the  explanation,  there  is  a 
method  which  drives  the  segment  electrodes  and 
the  common  electrodes  by  the  use  of  the  drive  volt- 
ages  shown  in  Fig.  38,  for  example  However,  the 
drive  method  of  Fig.  38  becomes  the  one  shown  in 
Fig.  39  when  the  potential  of  the  common  electrode 
driving  voltage  Vcom  is  considered  as  the  reference 
(0),  and  the  present  invention  can  be  obviously 
applied  thereto,  as  well.  Accordingly,  the  present 
invention  is  not  particularly  limited  to  the  drive 
method  explained  herein.  Note,  that,  when  the 
present  invention  is  applied  to  Fig.  38,  the  adjusting 
operation  as  shown  in  the  present  invention,  may 
be  carried  out  in  a  selected  period. 
(3)  The  definite  embodiments  of  the  present  inven- 
tion  are  not  particularly  limited  to  those  described 
herein. 
(4)  For  example,  the  first  embodiment  shown  in  Fig. 
1  represents  the  method  which  detects  both  the  cur- 
rents  flowing  through  the  input  voltages  EA  and  EB 
and  controls  the  output  voltage  VM.  It  has  been  con- 
firmed,  however,  that  the  effects  of  the  invention  can 
be  obtained  if  the  control  quantity  is  changed  even 
when  either  one  of  EA  and  EB  is  used  for  controlling 
VM.  Accordingly,  the  present  invention  is  not  partic- 
ularly  limited  to  the  detection  of  all  the  currents  that 
flow  through  the  liquid  crystal. 
(5)  The  detailed  description  of  the  invention  given 
above  has  concentrated  on  the  simple  matrix  type 
liquid  crystal  display  device,  but  in  "active  type 
matrix  display  devices"  also  a  write  operation  is 
effected  at  the  time  of  the  selection  of  rows,  and 
consequently,  the  power  supply  lines  change.  As  a 
result,  the  correct  quantity  of  charge  is  not  charged 
or  discharged;  and  thus  the  contrast  drops  and 
response  drops  in  some  cases.  The  present  inven- 
tion  also  can  be  applied  to  such  cases  and  can  obvi- 
ously  provide  great  effects.  Accordingly,  the  present 
invention  is  not  particularly  limited  to  the  simple 
matrix  type  display  device. 
(6)  Similarly,  in  the  case  of  the  display  structure 
which  does  not  constitute  the  matrix  (such  as  the 
structure  referred  to  as  the  "segment  type"),  the  dis- 
play  quality  can  be  improved  by  the  application  of 
the  present  invention,  if  a  drop  in  the  display  quality 
resulting  from  a  current  drop  exists.  Accordingly,  the 
present  invention  is  not  particularly  limited  to  the 
matrix  type  as  the  structure  of  the  display  device. 

In  each  embodiment  of  the  present  invention,  the 
adjusting  circuit  has  a  positive  feedback  circuit  and  it  will 
be  explained  with  reference  to  Figs.  40  to  42,  hereunder. 

Fig.  40  shows  a  part  of  the  circuit  construction  of 
Fig.  1  and  illustrating  a  positives  feedback  circuit  com- 

prising  operational  amplifiers  102  and  103,  used  in  the 
circuit  in  Fig.  1  . 

Fig.  40  is  modified  from  Fig.  1  in  such  a  manner  that 
the  operational  amplifiers  101  and  103  are  converted 

5  into  inverters  101  and  1  03  only  taking  each  negative  in- 
put  terminal  thereof  into  account,  in  order  to  understand 
this  easily. 

In  that,  an  output  of  the  inverter  1  03  is  applied  to  an 
one  end  terminal  of  an  equivalent  capacity  CT  of  the  liq- 

10  uid  crystal  display  panel  through  the  common  electrode 
driving  circuit  202  and  another  end  terminal  of  the  liquid 
crystal  display  panel  is  connected  to  an  input  terminal 
of  the  inverter  101  through  the  segment  electrode  driv- 
ing  circuit  201  . 

is  While,  an  output  terminal  of  the  inverter  1  01  is  con- 
nected  to  an  input  terminal  of  the  inverter  102  through 
a  resister  r. 

As  apparent  from  Fig.  40,  it  can  be  understood  that 
the  inverters  101  and  103  form  a  positive  feedback  cir- 

20  cuit  through  the  capacity  CT. 
As  the  same  way,  it  is  apparent  that  the  operational 

amplifier  102  and  103  provided  in  the  circuit  as  shown 
in  Fig.  1  also  form  a  positives  feedback  circuit  through 
the  capacity  CT  of  the  liquid  crystal. 

25  Fig.  41  also  explains  the  fact  that  the  operational 
amplifiers  231  and  232  used  in  the  embodiment  as 
shown  in  Fig.  29,  form  a  positive  feedback  circuit.  Fig. 
41  is  modified  from  Fig.  29  in  such  a  manner  that  the 
operational  amplifiers  231  and  232  are  converted  into 

30  inverters  231  and  232  only  taking  each  negative  input 
terminal  thereof  into  account,  in  order  to  get  better  un- 
derstanding  of  this  fact. 

In  that,  an  output  of  the  inverter  232  is  applied  to  an 
one  end  terminal  of  an  equivalent  capacity  CT  of  the  liq- 

35  uid  crystal  display  panel  through  the  segment  electrode 
driving  circuit  201  and  another  end  terminal  of  the  liquid 
crystal  display  panel  is  connected  to  an  input  terminal 
of  the  inverter  231  through  the  common  electrode  driv- 
ing  circuit  202. 

40  While,  an  output  terminal  of  the  inverter  231  is  con- 
nected  to  an  input  terminal  of  the  inverter  232  through 
a  resister  R. 

As  apparent  from  Fig.  41  ,  it  can  be  understood  that 
the  inverters  231  and  232  form  a  positive  feedback  cir- 

45  cuit  through  the  capacity  CT. 
As  the  same  way,  it  is  apparent  that  the  operational 

amplifier  231  and  233  provided  in  the  circuit  as  shown 
in  Fig.  29  also  form  a  positive  feedback  circuit  through 
the  capacity  CT  of  the  liquid  crystal. 

so  Fig.  42  also  explains  the  fact  that  the  operational  an 
amplifier  271  used  in  the  embodiment  as  shown  in  Fig. 
33,  form  a  positive  feedback  circuit. 

Fig.  42  is  modified  from  Fig.  33  in  such  a  manner 
that  the  operational  amplifier  271  is  converted  into  an 

55  amplifier  271  having  only  one  input  terminal  only  taking 
positive  input  terminal  thereof  into  account,  in  order  to 
get  better  understanding  of  this  fact. 

In  that,  an  output  of  the  amplifier  271  is  applied  to 
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an  one  end  terminal  of  an  equivalent  capacity  CT  of  the 
liquid  crystal  display  panel  through  the  segment  elec- 
trode  driving  circuit  201  and  another  end  terminal  of  the 
liquid  crystal  display  panel  is  connected  to  an  input  ter- 
minal  of  the  amplifier  271  through  a  resister  R  and  com- 
mon  electrode  driving  circuit  202. 

As  apparent  from  Fig.  42,  it  can  be  understood  that 
the  amplifiar  271  forms  a  positive  feedback  circuit 
through  the  capacity  CT. 

As  the  same  way,  it  is  apparent  that  the  operational 
amplifier  271  provided  in  the  circuit  as  shown  in  Fig.  33 
also  form  a  positive  feedback  circuit  through  the:capac- 
ity  CT  of  the  liquid  crystal  with  respect  to  an  output  ter- 
minal  VL. 

Claims 

1.  An  electrooptical  display  device  comprising  a  dis- 
play  panel  having  a  common  electrode  group  and 
a  segment  electrode  group,  a  common  electrode 
driving  circuit  (202)  and  a  segment  electrode  driving 
circuit  (201  ),  and  an  adjusting  circuit  (1  00)  provided 
between  a  display  driving  power  source  (204)  and 
said  display  panel,  and  provided  with  a  current 
detection  means  (3,  4-3)  for  detecting  current  flow- 
ing  through  said  display  panel,  and  a  voltage  control 
means  (4)  for  controlling  a  driving  voltage  applied 
between  said  common  electrode  group  and  said 
segment  electrode  group,  wherein  the  adjusting  cir- 
cuit  is  so  constituted  that,  in  operation,  the  driving 
voltages,  applied  between  said  common  electrode 
group  and  said  segment  electrode  group  are  con- 
trolled  by  the  output  signal  from  said  current  detec- 
tion  means,  and  the  adjusting  circuit  comprises,  in 
respect  to  said  current  flowing  through  said  display 
panel,  a  positive  feedback  loop  adapted  to  adjust 
the  driving  voltage  in  proportion  to  the  detected  cur- 
rent  value. 

2.  An  electrooptical  display  device  according  to  claim 
1,  wherein  said  current  detection  means  of  said 
adjusting  circuit  is  connected  at  least  by  any  one  of 
said  common  electrode  driving  circuit  and  segment 
electrode  driving  circuit,  while  said  voltage  control 
means  thereof  is  connected  at  least  by  any  one  of 
said  common  electrode  driving  circuit  and  segment 
electrode  driving  circuit. 

3.  An  electrooptical  display  device  according  to  claim 
1,  wherein  said  current  detection  means  of  said 
adjusting  circuit  comprises  an  operational  amplifier 
and  a  current  detection  resister  provided  at  an  out- 
put  portion  of  said  operational  amplifier  and  said 
output  of  said  operational  amplifier  is  connected  to 
said  voltage  control  means  and  fed  back  to  a  neg- 
ative  input  terminal  of  said  operational  amplifier 
through  said  current  detection  resister,  wherein  said 

negative  input  terminal  of  said  operational  amplifier 
being  connected  to  any  one  of  said  common  elec- 
trode  driving  circuit  and  said  segment  electrode 
driving  circuit,  while  a  positive  input  terminal  of  said 

5  operational  amplifier  is  set  at  a  reference  voltage 
level  of  any  one  of  said  common  and  segment  elec- 
trode  driving  voltage  which  is  applied  to  any  one  of 
said  common  and  segment  electrode  driving  circuit 
to  which  said  negative  input  terminal  of  said  opera- 

10  tional  amplifier  connects. 

4.  An  electrooptical  display  device  according  to  claim 
1,  wherein  said  voltage  control  means  of  said 
adjusting  circuit  comprises  an  operational  amplifier 

is  an  output  terminal  of  which  connects  to  a  negative 
input  terminal  thereof  through  a  feed-back  resister 
and  further  connects  to  any  one  of  said  common 
electrode  driving  circuit  and  segment  electrode  driv- 
ing  circuit,  while  a  positive  input  terminal  of  said 

20  operational  amplifier  is  set  at  a  reference  voltage 
level  of  any  one  of  said  common  and  segment  ele- 
ment  driving  voltage  supplied  to  any  one  of  said 
common  and  segment  electrode  driving  circuit  to 
which  an  output  terminal  of  said  operational  ampli- 

25  fier  connects,  and  said  negative  input  terminal 
thereof  is  set  at  a  certain  voltage  level  determined 
by  processing  a  predetermined  voltage  set  at  said 
positive  input  terminal  and  a  voltage  cause  and  var- 
ied  by  current  flowing  into  said  display  panel. 

30 
5.  An  electrooptical  display  device  according  to  claim 

2,  wherein  said  adjusting  circuit  comprises  a  first 
current  detection  means  (3-1)  connected  to  first 
driving  voltage  source  (EA)  and  said  segment  elec- 

ts  trode  driving  circuit,  a  second  current  detection 
means  (3-2)  connected  to  second  driving  voltage 
source  (EB)  and  said  segment  electrode  driving  cir- 
cuit,  and  a  voltage  control  means  (4)  connected  to 
both  of  said  first  and  second  current  detection 

40  means  and  further  connected  to  said  common  elec- 
trode  driving  circuit;  wherein  said  first  and  second 
current  detection  means  have  the  construction  as 
defined  by  claim  3,  while  said  voltage  control  means 
has  the  construction  as  defined  by  claim  4,  and 

45  wherein  the  outputs  of  said  first  and  second  current 
detection  means  are  input  to  said  negative  input  ter- 
minal  of  said  voltage  control  means  and  each  one 
of  said  first  and  second  voltage  sources  being  input 
to  said  positive  input  terminal  of  said  voltage  control 

so  means. 

6.  An  electrooptical  display  device  according  to  claim 
2,  wherein  said  adjusting  circuit  comprises  a  first 
voltage  control  means  (4-1  )  connected  to  first  driv- 

es  ing  voltage  source  (EA)  and  said  segment  electrode 
driving  circuit,  a  second  voltage  control  means  (4-2) 
connected  to  second  driving  voltage  source  (EB) 
and  said  segment  electrode  driving  circuit,  and  a 
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current  detection  means  (3)  connected  to  both  of 
said  first  and  second  voltage  control  means  and  fur- 
ther  connected  to  said  common  electrode  driving 
circuit;  wherein  said  first  and  second  voltage  control 
means  have  the  construction  as  defined  by  claim  4, 
while  said  current  detection  means  has  the  con- 
struction  as  defined  by  claim  3,  and  wherein  each 
negative  input  terminal  of  said  first  and  second  volt- 
age  control  means  being  connected  to  the  output 
terminal  of  said  current  detection  means  and  each 
one  of  said  first  and  second  voltage  sources  being 
input  to  said  positive  input  terminal  of  said  current 
detection  means. 

7.  An  electrooptical  display  device  according  to  claim 
2,  wherein  said  current  detection  means  of  said 
adjusting  circuit  is  connected  by  any  one  of  said 
common  electrode  driving  circuit  and  said  segment 
electrode  driving  circuit  to  which  said  voltage  con- 
trol  means  thereof  connects,  and  said  adjusting  cir- 
cuit  comprises  a  circuit  construction  in  which  a  cur- 
rent  detection  function  for  detecting  current  flowing 
through  said  display  panel  is  integrated  with  a  volt- 
age  controlling  function  for  controlling  a  voltage  of 
said  common  or  segment  electrode  to  form  one  cir- 
cuit,  and  said  adjusting  circuit  comprising  opera- 
tional  amplifier  and  wherein  an  output  of  said  oper- 
ational  amplifier  is  connected  to  said  common  or 
segment  electrode  driving  circuit  and  fed  back  to  a 
negative  input  terminal  thereof  while  a  positive  input 
terminal  thereof  is  set  at  a  reference  voltage  level 
corresponding  to  said  common  or  segment  elec- 
trode  driving  voltage  at  which  said  common  or  seg- 
ment  electrode  should  be  set,  and  wherein  said  out- 
put  of  said  operational  amplifier  is  positively  fed 
back  to  said  positive  input  terminal  thereof  through 
a  capacitance. 

8.  An  electrooptical  display  device  according  to  claim 
1  ,  wherein  said  adjusting  circuit  comprises  a  resis- 
tor  mounted  on  a  substrate  of  said  display  panel. 

Patentanspriiche 

1.  Elektrooptische  Anzeigevorrichtung  mit  einer  An- 
zeigeflache,  die  eine  Simultanelektrodengruppe 
und  eine  Segmentelektrodengruppe,  einen  Simul- 
tanelektrodenansteuerschaltkreis  (202)  und  einen 
Segmentelektrodenansteuerschaltkreis  (201)  auf- 
weist,  und  einem  Einstellschaltkreis  (100),  derzwi- 
schen  einer  Anzeigeansteuerstromquelle  (204)  und 
der  Anzeigeflache  vorgesehen  ist  und  mit  einem 
Stromdetektionsmittel  (3,  4-3)  zum  Detektieren 
eines  Stroms,  der  durch  die  Anzeigeflache  flieBt, 
sowie  mit  einem  Spannungssteuermittel  (4)  zum 
Steuern  einer  Ansteuerspannung  versehen  ist,  die 
zwischen  der  Simultanelektrodengruppe  und  der 

Segmentelektrodengruppe  angelegt  ist,  wobei  der 
Einstellschaltkreis  so  aufgebaut  ist,  dal3  im  Betrieb 
die  Ansteuerspannungen,  die  zwischen  der  Simul- 
tanelektrodengruppe  und  der  Segmentelektroden- 

5  gruppe  angelegt  sind,  durch  das  Ausgangssignal 
des  Stromdetektionsmittels  gesteuert  werden  und 
der  Einstellschaltkreis  in  Reaktion  auf  den  Strom, 
der  durch  die  Anzeigeflache  flieBt,  eine  positive 
Ruckkopplungsschleife  beinhaltet,  die  dafur  einge- 

10  richtet  ist,  die  Ansteuerspannung  proportional  zu 
dem  detektierten  Stromwert  einzustellen. 

2.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  1  ,  wobei  das  Stromdetektionsmittel  des  Ein- 

15  stellschaltkreises  wenigstens  mit  dem  Simultan- 
elektrodenansteuerschaltkreis  oder  dem  Segment- 
elektrodenansteuerschaltkreis  verbunden  ist,  wah- 
rend  das  Spannungssteuermittel  desselben  wenig- 
stens  mit  dem  Simultanelektrodenansteuer- 

20  schaltkreis  oder  dem  Segmentelektrodenansteuer- 
schaltkreis  verbunden  ist. 

3.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  1  ,  wobei  das  Stromdetektionsmittel  des  Ein- 

25  stellschaltkreises  einen  Operationsverstarker  und 
einen  Stromdetektionswiderstand  beinhaltet,  der 
an  einem  Ausgangsbereich  des  Operationsverstar- 
kers  vorgesehen  ist,  und  der  Ausgang  des  Opera- 
tionsverstarkers  mit  dem  Spannungssteuermittel 

30  verbunden  ist  und  iiber  den  Stromdetektionswider- 
stand  an  einen  negativen  EingangsanschluB  des 
Operationsverstarkers  zuruckgefuhrt  ist,  wobei  der 
negative  EingangsanschluB  des  Operationsver- 
starkers  mit  dem  Simultanelektrodenansteuer- 

35  schaltkreis  oder  dem  Segmentelektrodenansteue- 
rungsschaltkreis  verbunden  ist,  wahrend  ein  positi- 
ver  EingangsanschluB  des  Operationsverstarkers 
auf  einen  Referenzspannungspegel  der  Simultan- 
oder  der  Segmentelektrodenansteuerspannung 

40  gesetzt  ist,  die  an  den  Simultan-  oder  den 
Segmentelektrodenansteuerungsschaltkreis  ange- 
legt  ist,  mit  dem  der  negative  EingangsanschluB 
des  Operationsverstarkers  verbunden  ist. 

45  4.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  1,  wobei  das  Spannungssteuermittel  des 
Einstellschaltkreises  einen  Operationsverstarker 
aufweist,  von  dem  ein  AusgangsanschluB  mit 
einem  negativen  EingangsanschluB  desselben 

so  uber  einen  Ruckkopplungswiderstand  verbunden 
und  des  weiteren  an  den  Simultanelektrodenan- 
steuerungsschaltkreis  oder  den  Segmentelektro- 
denansteuerungsschaltkreis  angeschlossen  ist, 
wahrend  ein  positiver  EingangsanschluB  des  Ope- 

55  rationsverstarkers  auf  einen  Referenzspannungs- 
pegel  der  Simultan-  oder  der  Segmentelektroden- 
ansteuerspannung  gesetzt  ist,  die  dem  Simultan- 
oder  dem  Segmentelektrodenansteuerschaltkreis 
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zugefuhrt  wird,  mit  dem  ein  AusgangsanschluB  des 
Operationsverstarkers  verbunden  ist,  und  wobei 
der  negative  EingangsanschluB  desselben  auf 
einen  bestimmten  Spannungspegel  gesetzt  ist,  der 
durch  Verarbeitung  einer  vorgegebenen,  an  den 
positiven  EingangsanschluB  angelegten  Spannung 
und  einer  Spannung  festgelegt  ist,  welche  durch 
einen  in  die  Anzeigeflache  flieBenden  Strom  verur- 
sacht  und  variiert  wird. 

5.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  2,  wobei  der  Einstellschaltkreis  ein  erstes 
Stromdetektionsmittel  (3-1),  das  mit  einer  ersten 
Ansteuerspannungsquelle  (EA)  und  dem  Segment- 
elektrodenansteuerschaltkreis  verbunden  ist,  ein 
zweites  Stromdetektionsmittel  (3-2),  das  mit  einer 
zweiten  Ansteuerspannungsquelle  (EB)  und  dem 
Segmentelektrodenansteuerschaltkreis  verbunden 
ist,  und  ein  Spannungssteuermittel  (4)  umfaBt,  das 
sowohl  mit  dem  ersten  als  auch  dem  zweiten  Strom- 
detektionsmittel  verbunden  ist  und  des  weiteren  mit 
dem  Simultanelektrodenansteuerschaltkreis  ver- 
bunden  ist;  wobei  das  erste  und  das  zweite  Strom- 
detektionsmittel  den  Aufbau  besitzen,  wie  er  in 
Anspruch  3  definiert  ist,  wahrend  das  Spannungs- 
steuermittel  den  Aufbau  aufweist,  wie  er  durch 
Anspruch  4  definiert  ist,  und  wobei  die  Ausgange 
des  ersten  und  des  zweiten  Stromdetektionsmittels 
an  dem  negativen  EingangsanschluB  des  Span- 
nungssteuermittels  eingegeben  werden  und  jede 
der  ersten  und  der  zweiten  Spannungsquelle  an 
dem  positiven  EingangsanschluB  des  Spannungs- 
steuermittels  eingegeben  wird. 

6.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  2,  wobei  der  Einstellschaltkreis  ein  erstes 
Spannungssteuermittel  (4-1),  das  mit  der  ersten 
Ansteuerspannungsquelle  (EA)  und  dem  Segment- 
elektrodenansteuerschaltkreis  verbunden  ist,  ein 
zweites  Spannungssteuermittel  (4-2),  das  mit  der 
zweiten  Ansteuerspannungsquelle  (EB)  und  dem 
Segmentelektrodenansteuerschaltkreis  verbunden 
ist,  und  ein  Stromdetektionsmittel  (3)  umfaBt,  das 
sowohl  mit  dem  ersten  als  auch  dem  zweiten  Span- 
nungssteuermittel  verbunden  ist  und  das  des  wei- 
teren  mit  dem  Simultanelektrodenansteuer- 
schaltkreis  verbunden  ist;  wobei  das  erste  und  das 
zweite  Spannungssteuermittel  den  Aufbau  aufwei- 
sen,  wie  er  in  Anspruch  4  definiert  ist,  wahrend  das 
Stromdetektionsmittel  den  Aufbau  besitzt,  wie  er  im 
Anspruch  3  definiert  ist,  und  wobei  jeder  negative 
EingangsanschluB  des  ersten  und  des  zweiten 
Spannungssteuermittels  mit  dem  Ausgangsan- 
schluB  des  Stromdetektionsmittels  verbunden  ist 
und  jede  der  ersten  und  der  zweiten  Spannungs- 
quelle  an  dem  positiven  EingangsanschluB  des 
Stromdetektionsmittels  eingegeben  wird. 

7.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  2,  wobei  das  Stromdetektionsmittel  des  Ein- 
stellschaltkreises  iiber  den  Simultanelektrodenan- 
steuerschaltkreis  oder  den  Segmentelektrodenan- 

5  steuerschaltkreis  verbunden  ist,  mit  dem  das  Span- 
nungssteuermittel  desselben  verbunden  ist,  und 
wobei  der  Einstellschaltkreis  einen  Schaltkreisauf- 
bau  beinhaltet,  bei  dem  eine  Stromdetektionsfunk- 
tion  zum  Detektieren  eines  Stroms,  der  durch  die 

10  Anzeigeflache  flieBt,  mit  einer  Spannungssteuer- 
funktion  zum  Steuern  einer  Spannung  der  Simultan- 
oder  Segmentelektrode  integriert  ist,  urn  einen  ein- 
zigen  Schaltkreis  zu  bilden,  und  wobei  der  Einstell- 
schaltkreis  einen  Operationsverstarker  beinhaltet 

is  und  wobei  ein  Ausgang  des  Operationsverstarkers 
mit  dem  Simultan-  oder  dem  Segmentelektrodenan- 
steuerschaltkreis  verbunden  ist  und  an  einen  nega- 
tiven  EingangsanschluB  desselben  ruckgekoppelt 
ist,  wahrend  ein  positiver  EingangsanschluB  dessel- 

20  ben  auf  einen  Referenzspannungspegel  gesetzt  ist, 
welcher  der  Simultan-  oder  der  Segmentelektroden- 
ansteuerungsspannung  ent-  spricht,  auf  welche  die 
Simultan-  oder  die  Segmentelektrode  gesetzt  sein 
sollte,  und  wobei  der  Ausgang  des  Operationsver- 

25  starkers  iiber  eine  Kapazitat  an  den  positiven  Ein- 
gangsanschluB  desselben  positiv  ruckgekoppelt  ist. 

8.  Elektrooptische  Anzeigevorrichtung  nach  An- 
spruch  1  ,  wobei  der  Einstellschaltkreis  einen  Wider- 

30  stand  beinhaltet,  der  auf  einem  Trager  der  Anzei- 
geflache  angebracht  ist. 

Revendications 
35 

1.  Dispositif  d'affichage  electro-optique  comprenant 
un  panneau  d'affichage  presentant  un  groupe 
d'electrodes  communes  et  un  groupe  d'electrodes 
de  segment,  un  circuit  de  pilotage  d'electrodes 

40  communes  (202)  et  un  circuit  de  pilotage  d'electro- 
des  de  segment  (201  ),  et  un  circuit  de  reglage  (1  00) 
dispose  entre  une  source  d'alimentation  electrique 
de  I'affichage  (204)  et  ledit  panneau  d'affichage,  et 
muni  de  moyens  de  detection  du  courant  (3,  4-3) 

45  pour  detecter  le  courant  circulant  en  travers  dudit 
panneau  d'affichage,  et  des  moyens  de  commande 
de  la  tension  (4)  pour  commander  une  tension  de 
pilotage  appliquee  entre  ledit  groupe  d'electrodes 
communes  et  ledit  groupe  d'electrodes  de  segment, 

so  dans  lequel  le  circuit  de  reglage  est  constitue  de 
telle  sorte  que,  en  fonctionnement,  les  tensions  de 
pilotage  appliquees  entre  ledit  groupe  d'electrodes 
communes  et  ledit  groupe  d'electrodes  de  segment 
sont  commandes  par  le  signal  de  sortie  provenant 

55  desdits  moyens  de  detection  de  courant,  et  dans 
lequel  le  circuit  de  reglage  comprend,  en  ce  qui  con- 
cerne  le  courant  s'ecoulant  a  travers  ledit  panneau 
d'affichage,  une  boucle  de  retroaction  positive 
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adaptee  a  regler  la  tension  de  pilotage,  en  propor- 
tion  a  la  valeur  de  courant  detectee. 

2.  Dispositif  d'affichage  electro-optique  selon  la 
revendication  1,  dans  lequel  lesdits  moyens  de 
detection  de  courant  dudit  circuit  de  reglage  sont 
relies  au  moins  par  une  quelconque  dudit  circuit  de 
pilotage  d'electrodes  communes  et  dudit  circuit  de 
pilotage  d'electrodes  de  segment,  tandis  que  les 
moyens  de  commande  de  tension  dudit  circuit  de 
reglage  sont  relies  au  moins  a  I'un  quelconque  dudit 
circuit  de  pilotage  d'electrodes  communes  et  dudit 
circuit  de  pilotage  d'electrodes  de  segment. 

3.  Dispositif  d'affichage  electro-optique  selon  la 
revendication  1,  dans  laquelle  lesdits  moyens  de 
detection  de  courant  dudit  circuit  de  reglage  com- 
prennent  un  amplificateur  operationnel  et  une  resis- 
tance  de  detection  du  courant  dispose  sur  une  par- 
tie  de  sortie  dudit  amplificateur  operationnel,  et 
dans  lequel  ladite  sortie  dudit  amplificateur  opera- 
tionnel  est  reliee  audit  moyen  de  commande  de  ten- 
sion  et  est  retro-alimente  sur  une  borne  d'entree 
negative  dudit  amplificateur  operationnel  par  I'inter- 
mediaire  de  ladite  resistance  de  detection  de  cou- 
rant,  et  dans  lequel  ladite  borne  d'entree  negative 
dudit  amplificateur  operationnel  est  reliee  a  I'un 
quelconque  du  circuit  de  pilotage  d'electrodes  com- 
munes  et  du  circuit  de  pilotage  d'electrodes  de  seg- 
ment,  tandis  qu'une  borne  d'entree  positive  dudit 
amplificateur  operationnel  est  fixee  a  un  niveau  de 
tension  de  reference  d'une  quelconque  de  la  ten- 
sion  de  pilotage  d'electrodes  communes  et  de  la 
tension  de  pilotage  d'electrodes  de  segment,  qui  est 
appliquee  a  I'un  quelconque  desdits  circuits  de  pilo- 
tage  d'electrodes  communes  et  d'electrodes  de 
segment,  auquel  est  reliee  la  borne  d'entree  nega- 
tive  dudit  amplificateur  operationnel. 

4.  Dispositif  d'affichage  electro-optique  selon  la 
revendication  1,  dans  lequel  lesdits  moyens  de 
commande  de  tension  dudit  circuit  de  reglage  com- 
prennent  un  amplificateur  operationnel,  dont  une 
borne  de  sortie  est  reliee  a  sa  borne  d'entree  nega- 
tive  par  I'intermediaire  d'une  resistance  de  retroac- 
tion,  et  est  en  outre  reliee  a  I'un  quelconque  du  cir- 
cuit  de  pilotage  d'electrodes  communes  et  du  circuit 
de  pilotage  d'electrodes  de  segment,  tandis  qu'une 
borne  d'entree  positive  dudit  amplificateur  opera- 
tionnel  est  fixee  a  un  niveau  de  tension  de  reference 
d'une  quelconque  desdites  tensions  de  pilotage 
d'electrodes  communes  et  d'electrodes  de  seg- 
ment,  fournie  par  I'un  quelconque  desdits  circuits 
de  pilotage  d'electrodes  communes  et  d'electrodes 
de  segment,  auquel  la  borne  de  sortie  dudit  ampli- 
ficateur  operationnel  est  relie,  et  dans  lequel  la 
borne  d'entree  negative  dudit  amplificateur  opera- 
tionnel  est  reglee  a  un  certain  niveau  de  tension 

determine  par  traitement  d'une  tension  predetermi- 
ne  fixee  au  niveau  de  ladite  borne  d'entree  posi- 
tive,  et  d'une  tension  qui  varie,  du  fait  du  courant 
s'ecoulant  dans  ledit  panneau  d'affichage. 

5 
5.  Dispositif  d'affichage  electro-optique  selon  la 

revendication  2,  dans  lequel  ledit  circuit  de  reglage 
comprend  des  premiers  moyens  de  detection  du 
courant  (3-1  )  relie  a  une  premiere  source  de  tension 

10  de  pilotage  (EA),  et  audit  circuit  de  pilotage  d'elec- 
trodes  de  segment,  des  seconds  moyens  de  detec- 
tion  du  courant  (3-2),  relies  a  une  seconde  source 
de  tension  de  pilotage  (EB)  et  audit  circuit  de  pilo- 
tage  d'electrodes  de  segment,  et  des  moyens  de 

is  commande  de  tension  (4)  relies  a  la  fois  auxdits  pre- 
mier  et  second  moyen  de  detection  du  courant,  et 
en  outre  relies  au  circuit  de  pilotage  d'electrodes 
communes,  dans  lequel  lesdits  premier  et  second 
moyens  de  detection  du  courant  presentent  la 

20  structure  definie  dans  la  revendication  3,  tandis  que 
lesdits  moyens  de  commande  de  la  tension  presen- 
tent  la  structure  definie  dans  la  revendication  4,  et 
dans  lequel  les  sorties  desdits  premier  et  second 
moyens  de  detection  du  courant  constituent  des 

25  entrees  de  la  borne  d'entree  negative  desdits 
moyens  de  commande  de  tension,  et  dans  lequel 
chacune  desdites  premiere  et  seconde  sources  de 
tension  constituent  des  entrees  pour  les  bornes 
d'entree  positive  desdits  moyens  de  commande  de 

30  tension. 

6.  Dispositif  d'affichage  electro-optique  selon  la 
revendication  2,  dans  lequel  ledit  circuit  de  reglage 
comprend  des  premiers  moyens  de  commande  de 

35  tension  (4-1  )  relies  a  la  premiere  source  de  tension 
de  pilotage  (EA),  et  audit  circuit  de  pilotage  d'elec- 
trodes  de  segment,  des  secondes  moyens  de  com- 
mande  de  tension  (4-2)  relies  a  une  seconde  source 
de  tension  de  pilotage  (EB),  et  audit  circuit  de  pilo- 

40  tage  d'electrodes  de  segments,  et  des  moyens  de 
detection  du  courant  (3)  relies  a  la  fois  auxdits  pre- 
mier  et  seconde  moyens  de  commande  de  tension, 
et  en  outre  relies  audit  circuit  de  pilotage  d'electro- 
des  communes,  dans  lequel  lesdits  premier  et 

45  seconds  moyens  de  commande  de  tension  presen- 
tent  la  structure  definie  dans  la  revendication  4,  tan- 
dis  que  lesdits  moyens  de  detection  du  courant  pre- 
sentent  la  structure  definie  dans  la  revendication  3, 
et  dans  lequel  chaque  borne  d'entree  negative  des- 

50  dits  premier  et  second  moyens  de  commande  de 
tension  est  reliee  a  la  borne  de  sortie  desdits 
moyens  de  detection  du  courant,  et  dans  lequel 
chacune  des  premiere  et  seconde  sources  de  ten- 
sion  constituent  les  entrees  pour  les  bornes 

55  d'entree  positive  desdits  moyens  de  detection  du 
courant. 

7.  Un  dispositif  d'affichage  electro-optique  selon  la 

20 
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revendication  2,  dans  lequel  lesdits  moyens  de 
detection  du  courant  dudit  circuit  de  reglage  sont 
relies  a  I'un  quelconque  desdits  circuits  de  pilotage 
d'electrodes  communes  et  dudit  circuit  de  pilotage 
d'electrodes  de  segment,  auquel  lesdits  moyens  de  s 
commande  de  tension  sont  relies,  et  dans  lequel 
ledit  circuit  de  reglage  comprend  une  structure  de 
circuit  dans  laquelle  une  fonction  de  detection  de 
courant  pour  la  detection  du  courant  s'ecoulant  a 
travers  ledit  panneau  d'affichage  est  integree  avec  10 
une  fonction  de  commande  de  tension  pour  com- 
mander  la  tension  desdites  electrodes  de  segment 
ou  communes,  de  sorte  a  former  un  seul  circuit,  et 
dans  lequel  ledit  circuit  de  reglage  comprend  un 
amplificateur  operationnel  et  dans  lequel  une  sortie  15 
dudit  amplificateur  operationnel  est  reliee  audit  cir- 
cuit  de  pilotage  d'electrodes  communes  ou  de  seg- 
ment,  et  est  retro-alimentee  dans  une  borne 
d'entree  negative  de  celui-ci,  tandis  qu'une  borne 
d'entree  positive  de  celui-ci  est  reglee  a  un  niveau  20 
de  tension  de  reference  correspondant  a  la  tension 
de  pilotage  d'electrodes  communes  ou  de  segment, 
a  laquelle  ladite  electrode  commune  ou  de  segment 
devrait  etre  fixee  et  dans  lequel  ladite  sortie  dudit 
amplificateur  operationnel  est  retro-alimente  positi-  25 
vement  vers  ladite  borne  d'entree  positive  de  celui- 
ci  par  I'intermediaire  d'une  capacite. 

Le  dispositif  electro-optique  selon  la  revendication 
1,  dans  laquelle  ledit  circuit  de  reglage  comprend  30 
une  resistance  montee  sur  un  substrat  dudit  pan- 
neau  d'affichage. 

21 
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